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For centuries Formosa has been the world's greatest source 
of laurel camphor although considerable quantities are also 
exported from China and Japan. Owing to the increased de- 
mand for camphor and the new uses which have been found for 
it the cultivation has been extended to many parts of the world. 

Some years ago camphor seeds obtained from Japan were 
planted in the Philippines. Although the camphor trees were 
not especially cultivated а number of them grew fairly well. 
Recently we have investigated the camphor content of many of 
these trees which are still young, and our experiments showed 
that in these trees the camphor is localized mostly in the leaves 
and not in the wood. While some of the trees yielded only 
camphor oil and others gave poor yields of camphor crystals, 
there were some trees which gave rather high yields of crys- 
talline camphor. By careful selection and cultivation of the 
trees which gave high yields of crystals it might be possible 
to develop a natural-camphor industry which could compete 
successfully with the synthetic camphor now on the market. 
The results of our survey will supply certain basic data on the 
problem of natural-camphor production as it applies to the 
Philippines. : j 
^ In considering the Philippine production of commercial cam- 
phor, it would seem advisable to investigate also the cultivation 
of Philippine (Baguio) pine trees and the turpentine obtained 
from them since synthetic camphor is now made from pine tree 
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turpentine. Aside from its use as a raw material for making ,/ 
synthetic camphor there is a considerable demand for turpentin / 


as it is employed in the manufacture of high-grade paints аги 
varnishes. ~ 

Although there are several varieties of camphor trees, the 
principal commercial species are the Borneo camphor, Dryo- 
balanops aromatica Gaertner f., and the laurel camphor, Cinna- 
momum camphora Nees and Ebermaier. The Borneo camphor 
is obtained from trees grown in Sumatra, Borneo, and Java. 
Owing to the gradual depletion of the native forests and to the 
fact that reforestation has not been practiced to any extent, 
only a comparatively small quantity of Borneo camphor is now 
produced. Laurel camphor is used principally in the manufac- 
ture of celluloid, eelluloid products, and pharmaceutical pre- 
parations. 
^ In the camphor-producing countries, such as Formosa and 
Japan, the laurel camphor is localized mostly in the wood of old 
forest trees while the leaves contain principally camphor oil. 
Some of these forest trees are estimated to be over a hundred 
years old. The crude method of preparing camphor in these 
countries consists in cutting down the trees and chopping the 
wood into chips. The chips are then packed in perforated jars 
and heated over а crude steam bath. The steam enters the 
jars, saturates the chips, and causes the crude camphor to sub- 
lime and condense in earthenware pots placed over the jars. 
The crude camphor, thus prepared, contains a considerable 
amount of camphor oil which exudes from it. The oil is drained 
from the crystalline camphor which is refined by mixing it 
with quicklime and charcoal and subliming. The camphor oil 
contains а considerable amount of camphor which may be re- 
moved by distilling off а portion of the oil and freezing the 
camphor crystals out of the residue. The Japanese method of 
cutting down the trees and distilling the camphor from the 
wood is rather expensive as it requires a vast amount of re- 
forestation to keep up the production. ^ 


* Editorial, Phar. Journ. and Phar. 112 (1924) 234; Coblentz, V., Journ. 
Soc. Chem. Ind. 26 (1907) 382; Thorpe, E., Dictionary of Applied Chemis- 
try 1 (1912) 615. 

”Yearbook U. S. Dept. Арт. (1910) 455. 

з Editorial, Phar, Journ. and Phar, 112 (1924) 235. 
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There is à considerable demand for camphor oil as it usually 
наша заїгої which is used in making cheap perfumery, ar- 
tiicial oil of sassafras, heliotropin, and other products. The 
ordinary camphor oil of commerce is a rather complex mixture 
of.substances. When distilled, it may be separated into fractions 
of light and heavy oils. The light oil consists principally of 
terpenes and resembles oil of turpentine. The high-boiling, 
heavy oil contains sesquiterpenes and is usually rich in safrol. 
Camphor oils from different countries may vary greatly in 
composition. Oils from Mauritius, for instance, contain a con- 
siderable quantity of cineol but no safrol.s 

VAfter the Japanese took possession of Formosa the camphor 
industry became a government monopoly which controlled the 
production and price. As new uses were found for camphor 
there was naturally a much greater demand and the exportation 
from Japan and Formosa did not appear to be keeping up with 
the world’s demand for this important commodity. У Importers 
in other countries experienced considerable difficulty in obtain- 
ing sufficient supplies of camphor when they were required and 
there was frequently an uncertainty as to the price. Аз a result 
it was difficult for dealers to make close quotations for future 
deliveries. (This situation naturally gave a great impetus to the 
commercial production of synthetic camphor, and, after many 
years of experimenting, this industrial chemical problem was 
finally worked out successfully. The raw material used for 
making synthetic camphor is pine tree turpentine, which con- 
tains usually about 70 per cent of pinene. Numerous processes 
claiming to convert the pinene into camphor have been patented.’ 

( Synthetic camphor is identical with natural camphor in all 
respects except that it is the inactive, racemic form of сатррог 
and does not affect polarized light, whereas the natural camphor 
is optically active (dextro). The commercial value of synthetic 
camphor is shown by the fact that, since the year 1920, Germany 
has not imported any camphor and, moreover, has produced a 


*Parry, E. J., The Chemistry of Essential Oils апа Artificial Perfumes 
(1918) 151—157; Editorial, Chem. Met. Eng. 22 (1920) 1030, 

* Yearbook, U. S, Dept. Agr. (1910) 455. 

* Editorial, Phar. Journ. and Phar. 112 (1924) 235. 

* Pond, F. J., Journ. Soc. Chem. Ind. 26 (1907) 383; Editorial, Chemical 
Age 30 (1922) 211; Editorial, Chemist and Druggist, 105 (1926) 175. 
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surplus for export to the United States which consumes more 
camphor than any other country. In 1926 synthetic campho- 
was included in the new edition of the German Pharmacopeia 
thus making this product an official pharmaceutical preparation. 
Synthetic camphor is now made not only in Germany but also 
in the United States and other countriés. 

he commercial success of synthetic camphor probably depends 
largely on the fact that the yield of turpentine pinene from pine 
trees is very much greater than the yield of camphor from cam- 
phor trees. Although it is rather costly to convert the pinene 
into camphor by synthetic chemical processes the expense is 
more than compensated by the comparatively large yields of 
camphor obtained. In the production of commercial camphor, 
jt would seem that if the camphor trees are to compete success- 
fully with the pine trees it will be necessary to increase and 
improve considerably the cultivation of camphor trees and, 
moreover, endeavor to develop strains that give much higher 
yields of camphor than are now usually obtained. A factor 
of advantage to the natural-camphor industry, however, is the 
valuable camphor oil which is obtained as a by-product. As 
yet no оча synthetic substitute has been found for 
this oil? 

‘Pine trees (Pinus insularis Endlicher) grow well in the Phil- 
ippines in the highlands of central and northern Luzon” at 
altitudes varying from about 900 to 1,500 meters. Turpentine 
obtained from Philippine pine trees has been investigated by 
Richmond * and also by Brooks. The trees selected for their 
investigations were growing near Baguio, a summer resort sit- 

` uated at an elevation of about 1,500 meters in the mountain 
province of the Philippines. Their results showed that some of 
the trees gave fair yields of turpentine while others gave rather 
poor yields. According to Brooks, turpentine from the Baguio 
pine trees consists principally of pinene and compares favor- 
ably with American turpentine. ) When time permits we expect 
to make a survey of the turpentine resources of the Philippines 


"Editorial, Chemist and Druggist 105 (1926) 604. 

* Editorial, Phar. Journ. and Phar. 112 (1924) 235. 

» West, A. P., and W. Н. Brown, Philip. Bur. Forestry Bull. 20 (1920) 32. 
~ Philip, Journ. Sci. 8 A 4 (1909) 231. 

? Philip, Journ, Sci. 8 A 5 (1910) 229. 
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since turpentine is not only useful for making synthetic camphor 
^ut is also employed in the manufacture of high-grade paints 
and varnishes. 

In 1910 the Philippine Bureau of Forestry began the cul. 
tivation of laurel camphor in the Philippines. Seeds were ob- 
tained from Japan and planted at the forestry nursery in Baguio. 
Since then a number of trees have been planted at different times 
in various parts of Baguio and at the Trinidad Farm School 
which is nearby. Compared to old forest trees in Formosa these 
Philippine trees are really very young. Considering that the 
trees were not really eultivated, many of them have grown fairly 
well both from seeds and from cuttings. The forester, S. Laraya, 
in charge of the forestry nursery, estimates that there are now 
over two thousand camphor trees in Baguio and the vicinity. 
These trees are located approximately as follows: About 1,700 
trees in Forbes Park, about 60 along the Pack Road and South 
Drive, ard about 400 at the Trinidad Farm School. These trees 
range in height from about 2 meters for the younger trees to 
about 18 meters for the older ones. Leaves on many of the 
older trees were found to be infected with a kind of fungus 
growth. With proper cultivation this plant disease could prob- 
ably be prevented. 

EXPERIMENTAL PROCEDURE 

During the spring of 1929 we decided to make a general sur- 
vey of the camphor situation in Baguio. Through the courtesy 
of the Commanding Officer of Camp John Hay we obtained per- 
mission to use the plumber's shop at this military post as a 
field laboratory. The army officers very kindly provided us 
with electric lights and laboratory tables. АП necessary chem- 
leal supplies and equipment were transported from the Bureau 
of Science in Manila to this field laboratory in Baguio. 

The trees selected for our investigation were numbered, and 
a metal label containing the number was attached firmly to each 
tree for future identification. The data concerning these trees 
are recorded ín Table 1, which gives the number of each tree, 
approximate location, and conditions of growth, such as height 
and position (shady or sunny) on hillside or elsewhere. 

Аз shown by the data (Table 1), we selected for our investi- 
gation camphor trees of various sizes and growing under dif- 


ferent conditions. 
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TABLE 1.—Location and description of Philippine trees selected for distill- 


Location. 


Forest nursery: 


5-E...|---..do.. 
South drive: 
Near Mission House 


ing camphor. 


Height. 
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Position. 


Sunny. 
Do. 
На! shady. 


Do. 

Do. 
Sunny. 
Shady. 
Half shady. 


De. 
Sunny. 
Do. 


Half shady. 

Do. 
Sunny. 

Do. 
Half shady. 
Sunny. 

Do. 
Half shady. 

Do. 
Shady. 

Do. 
Half shady. 

Do. 


Do. 
Half shady. 
Do. 
Half shady. 
Do. 
Shady. 
Do. 
Do. 
Do. 
Do. 
Half shady. 
Do. ‘ 
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TABLE l.— Location and description of Philippine trees selected for distill- 
ing camphor—Continued. 


У mn mn 
| Tree No. Location. Hieght. Position, Light. | 
* "Teacher's Camp: К 
Near Barrows Hall Sunny. 
j: Do. 
5.5 Half shady. 
10.0 Do. 
6.5 Do. 
8.2 Do. 
1.6 Shady. 
1.4 Do. 
5.0 Half shady. 
6.2 Do. 
6.0 Do. 
9.0 Do, 
6.2 Do. 
4.8 Do. 
4.0 Do, 
1.2 Do. 
pes 1.8 Do. 
Road near Military Сі Де... 4.0 Do. 
1.8 Do. 
3.5 Do. 
3.1 Do. 
2.2 Do. 
2.1 Do. 
2.5 Do. 
1.7 Shady, 
2.0 Do. 
2.2 Do. 
1.6 
2.0 
2.6 
2.5 
3.0 
3.0 
2.0 


fe Mme 
ооло о л 


Before beginning our routine work on determining the cam- 
phor content of Philippine camphor trees we carried out a 
number of preliminary experiments relating to the moisture, 
oil, and erystal camphor in the trees. 
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In Baguio, during the late springtime, afternoon and evening 
showers occur frequently. The moisture content of moist, damp 
camphor leaves gathered early in the morning is greater than 
that of leaves gathered later in the day when the sun is overhead 
and the temperature is much higher than in the early morning. 
If the camphor content of the leaves is caleulated on the weight 
of the green leaves then, due to the moisture present, the per- 
centage of camphor in leaves from the same tree will vary 
according to the time the leaves are gathered, whether in the 
early morning or at noon, In order to have a definite standard 
for comparison it would seem that the crystal camphor content of 
the leaves should be calculated on a moisture and oil free basis. 
It should make practically no difference then at what time of 
the day the leaves are gathered as leaves from the same tree 
Should always give approximtely the same camphor content. 

When the usual method for determining moisture is applied 
to camphor leaves we find that the leaves, when heated in an 
oven, lose not only moisture but ai‘o the volatile camphor and 
camphor oil. When the camphor leves are ground to a pulp 
and heated long enough they lose all th “г moisture and also all 
the camphor and camphor oil. This is ргоуей by the fact that 
the odor of camphor ог camphor oil саппо" be detected in the 
dried residue and also when the residue is aistilled with water 
no camphor crystals or oil passes over into the distillate. 

In calculating the results ої our experiments we have based 
our calculations both on the weight of moist green:material and 
also on а moisture and oil free basis. Our experimental proce- 
dure was as follows: А quantity of camphor leaves from a par- 
ticular tree was ground in a meat grinder. The pulp was mixed 
thoroughly and а sample (100 grams) treated with water and 
distilled about two hours. According to our experiments this 
is a sufficient length of time to remove all the camphor from 
100 grams of leaves. The camphor crystals obtained from the 
aqueous distillate and from the cooled portion of the Liebig 
condenser were pressed between layers of filter paper, dried in 
a desiccator, and then weighed. A sample of ground ‘leaves (2 
grams) was heated in an oven at a temperature of abc:ut 95° C. 
to constant weight. This required usually about seven hours. 
The loss in weight represented the moisture, crystal d:amphor, 
and camphor oil. The results were then calculated on |the basis 
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of 100 grams of leaves. The following notes give a summary 
Qf one of our experiments, 


100 grams of leaves distilled gave 1.07 grams of camphor. 
. 100 grams of leaves dried to constant weight gave a loss in weight 
of 5145 grams. 


100.00 grams of camphor leaves. 
5145 moisture, crude crystal camphor, and volatile oil. 


48.55 nonvolatile solids in 100 grams of leaves, 


51.45 
1.67 crude crystal camphor. 


49.78 moisture and oil in 100 grams of leaves. 


100.00 

49.78 

50.22 crude crystal camphor and nonvolatile solids in 100 grams of 
moist, green leaves. 


нё хоо _ 3.32 percentage of crude crystal camphor calculated on 


a moisture arid oil free basis. 


Analysis of camphor leaves caleulated on the weight of moist 
green leaves would then be as follows: 


Per cent. 


Crystal camphor 1.67 
Moisture and oil 49.78 
Nonvolatile solids 48.55 

Total 100.00 


The crude camphor crystals usually contain a very small 
amount of oil which slightly increases the weight. According 
to our experiments 100 grams of the crude crystals contain 
usually about 1 gram of oil. This slight increase in the weight 
of the crystals due to the oil present is about equivalent to the 
small amount of camphor which is probably volatilized and lost 
in the distillation and drying of the crystals. Our figures, show- 
ing the percentage of crude camphor calculated on a moisture 
and oil free basis, seem to be very nearly correct, 

The camphor in young Philippine trees seems to be located al- 
most entirely in the leaves, for when the wood and twigs of Phil- 
ippine camphor trees are distilled only traces or very small 
amounts of camphor crystals are obtained. This fact is brought 
out very clearly by the data given in Table 2. Possibly, if these 


, 
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Philippine trees grew to an old age the camphor content of the 
wood might compare favorably with that of old forest trees in, 
Formosa. 


TABLE 2.—Crystal camphor in leaves, stems, and small branches of « 
Philippine trees. 


—— 
Analysis. 
Height о! Crystal cam- 
Tree No. | tree Hate Moisture |Nonvolstileleamanhor in Phor caleulat- 
and ой. | solide, | moist ma- | pd on mois 
terial. б 
free basis. 
Meters. Per cent. | Per cent. | Per cent. | Per cent. 
3-B 8.5 | Leaves. 66.04 32.56 1.40 4.12 
3-B 3.5 | Stems.. З 67.16 32.61 0.23 0.70 
3-B 8.5 | Small branches. + 54.26 45.74 | trace trace 
4 1.5 60.09 38.91 1.00 2.50 
4 1.5 65.66 84.14 0.20 0.58 
4 1.6 52.08 47.91 trace * trace 
4-B 1.5 54.46 43.85 1.69 3.71 
4-B 1.6 60.63 39.27 0.10 0.25 
4-B 1.5 51.90 48.10 {тасе trace 
5 10.5 66.96 40.95 2.09 4.86 
$ 10.5 62.30 36.91 0.79 2.10 
5 10.5 51.57 48.26 0.17 0.35 
6 11.0 55.72 43.16 1.12 2.53 
6 11,0 57.73 42.11 0.16 0.38 
6 11.0 51.28 48.67 0.05 0.10 
6-A 6.5 60.96 37.85 1.19 3.05 
6-A 6.5 62.64 37.14 0.22 0.59 
6-А 6.5 51.30 48.69 0.01 0.02 


The data (Table 2) show also the difference between calculat- 
ing the yield of crystal camphor on the weight of moist, green 
leaves and on a moisture and oil free basis. When calculated 
on the weight of moist, green material, the leaves of tree 3-B 
gave a smaller yield of crystal camphor (1.40 per cent) than 
the leaves of tree 4-B, which gave 1.69 per cent. When cal- 
culated on а moisture and oil free basis the leaves of tree 3-B 
gave a higher yield ої camphor (4.12 per cent) than the leaves 
of tree 4-B (3.71 per cent). Since many of the analyses re- 
corded in Table 3 also gave this kind of results, it would seem 
that the correct standard for comparing the camphor content of 
different trees would be to calculate the results on a moisture 
and oil free basis. 

Since the camphor in Philippine trees seems to be located 
mostly in the leaves, our investigation consisted principally in 
distilling the leaves of a large number of trees and determining 
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the yield of crystal eamphor in these leaves. The results are 


.recorded in Table 3. 


As shown by the data (Table 3) the leaves of Philippine cam- 
phor trees gave about 2 to 7 per cent of crystal camphor cal- 
eulated on a moisture and oil free basis. This тау seem to be 
a wide variation, but according to Rusby 1 the yield of camphor 
Írom trees in any particular locality may vary so much that 
it is rather difficult to estimate an average yield. This may be 
due to the fact that camphor is formed in the plant by certain 
physiologic processes and the natural synthesis may, perhaps, 
be very sensitive to the inherent characteristics of certain strains 
and also to slight environmental changes. 

Data on the Philippine trees which gave the highest yields 
of crystal camphor are given in Table 4. Ву careful cultivation 
of these particular trees it might be possible to develop a natural- 
camphor industry which could compete successfully with the 


TABLE 3.—Crystal camphor in leaves of Philippine trees. 


| Analysis, 

Height of Crystal cam- 
dee Nos tree. | Moisture |Nonvolatile ет рог calculat- 
and oil, solids. in green | ture and oil 

leaves. Ы 

free basis. 

Per cent. | Per cent. | Per cent. Per cent. 

49.81 48.09 2,10 4.18 

66.14 31.97 1.89 5.58 

60.26 48.04 1.10 3.42 

62.66 36.22 1.12 3.00 

50.67 41.13 2.20 4.46 

64.31 34.18 1.51 4.23 

66.72 31.67 1.61 4.84 

60.96 37.63 1.41 8.61 

63.17 35.95 0.88 2.39 

64.81 34.00 1.19 3.38 

60.06 38.13 1.81 4.53 

66.14 31.76 1.61 4.54 

55.07 43.86 1.07 2.88 

56.68 42.67 1.66 3.72 

55.52 43.18 1.30 2.92 

64.42 84.77 0.81 2.28 

54.14 44.39 0.87 1.92 

54.53 44.22 1.25 2.15 

56.65 41.93 1.42 3.28 

59.83 88.79 1.38 3.44 

68.11 40.51 1.38 3.99 

58.61 $9.06 2.48 5.66 

60.50 87.60 1.90 4.81 


Journ. Soe. Chem. Ind. 26 (1907) 381. 
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TABLE 3.—Crystal camphor in leaves of Philippine trees—Continued. 


Analysis. 

Height of Crystal cam- 

Tree; No tree. Moisture = camphor phor calculat- 

and oil. | solida. | ingreen | tire and oi 
leaves. free basis. 
Meters. | Percent. | Per cent. | Per cent. Per cent. 
8.2 57.59 40.86 1.55 3.65 
1.5 62.19 35.72 2.09 5.53 
1.4 62.59 36.61 1.90 5.08 
6.2 60.70 81.45 1.85 4.71 
5.0 60.57 37.97 1.46 3.10 
9.0 54.91 43.50 1.59 3.63 
6.2 57.27 41.89 1.34 3.14 
4.8 55.29 41.98 2.18 6.22 
4.0 62.95 35.28 1.77 4,18 
1.2 60.47 37.67 1.86 4.71 
1.8 59.07 39.20 1.73 4.23 
12.0 62.70 85.72 1.58| . 4.24 
8.5 61.88 $1.28 1.84 «п 
4.0 63.42 34.88 .70 4.65 
1.8 60.40 37.85 2.25 5.68 
3.5 64.96 32.98 2.06 5.88 
8.1 60.69 86.86 2.95 7.50 
2.2 65.15 32.45 2.40 6.89 
2.5 58.69 88.43 2.88 6.91 
2.0 60.20 37.47 2.33 5.85 
2.2 57.05 40.37 2.58 6.01 
1.6 64.19 83.84 1.97 5.50 
2.0 63.01 34.28 2.16 1.46 
2.6 61.14 36.08 2.18 5.10 
6.5 60.18 37.88 2.44 6.18 
6.0 57.12 40,53 2.85 5.48 
1.0 61.95 36.25 1.80 4.73 
6.5 72.62 25.76 1.13 6.80 
6.0 66.66 81.69 1.75 5.25 
6.0 64.99 7 83.62 1.39 8.97 
3.5 65.15 33.82 1.03 2.95 
4.0 60.03 $8.83 1.14 2.85 
8.0 64.15 33.78 1.47 4.17 
3.0 62.85 85.14 2.01 5.41 
6.0 63.01 35.17 1.82 4.92 
2.5 63.37 35.47 1.16 8.17 
3.0 61.37 36.31 2.32 6.01 
3.0 64.41 83.84 1.76 4.92 
2.0 62.68 35.85 2.07 5.58 
4.5 56.74 41.26 2.00 4.62 
8.0 57.11 41.33 1.56 8.64 
8.0 66.66 41.65 2.79 6.28 
2.6 58.16 39.69 2.16 5.16 
8.0 56.21 41.65 8.14 7.01 
8.0 59.53 39.11 1.86 3.48 
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synthetic camphor now on the market. Possibly, if these trees 
were cultivated in other parts of the Philippines where the soil 
‘conditions are different, as in Bukidnon, Mindanao, the yield 
of crystal camphor might be higher than in Baguio. 


TABLE 4.—Philippine trees which gave the highest yields of crystal 
camphor. 


Crystal 
camphor 
Tree No Location. Height.| Position. Light, | мешана | 

and oil free 
basis. 


Teacher’s camp: Meters. Per cent. 
9 Below suspension bridge... ...| 10.0 | Ravine.......| Half shady.... 5.86 
10-C i... Ва ааа саанан) - 6.22 


12- А | Sessions Road near Military Circle. 5.68 
5.88 


7.50 
6.89 
6.97 
5.85 
6.01 
7.46 
6.70 
6.13 
6.30 
6.01 


17-B | Bureau of Agriculture Experiment 
Station. 

Pack Road: 

18-B Near Baguio Station... 

18-D Opposite Pines Hotel......... 


6.28 
7.01 


Crystal camphor obtained by distilling Philippine leaves is al- 
ways accompanied by a small quantity of light yellow camphor 
oil which amounts to about 1 per cent of the weight of camphor 
crystals. In addition to this small amount of oil which adheres 
to the crystals there is a very small quantity of a slightly yellow 
volatile oil that passes through the condenser into the aqueous 
distillate. This amounts to about 0.22 per cent calculated on the 
weight of green leaves. Аз the yield of this volatile oil was 
so small we did not prepare a sufficient amount for investigation. 
Our results seem to indicate that crystal camphor is the principal 
product obtained by distilling Philippine camphor leaves and 
only a very small quantity of camphor oil is obtained as a by- 


product, 
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The crude Philippine camphor was washed with warm water 
to remove the oil which adhered to the crystals. The crystals 
were then dried in a desiccator. The melting point of the erys- 
tals was found to be 174.5 to 175.59 C. 

Watts “ gives 175° C. as the melting point of pure camphor, 

According to Thurston, a solution prepared by dissolving 10 
grams of camphor in 100 cubic centimeters of alcohol (95 per 
cent) gives at 25° С.іпа 200-millimeter tube a specific rotation 
(A aS) of +41 to +42°. Under the same conditions but 
at a slightly different temperature the Philippine camphor gave 

o 
a specific rotation (A = € of +41.62°. 

The camphor oil, which was removed from the crude crystals 

by warm water, was extracted from the aqueous solution with 

o 
ether. The oil was found to have а specific rotation (А ы 
of +26.01°. 

The leaves of some Philippine camphor trees, when distilled, 
yielded no crystal camphor but only camphor oil, Analyses of 
leaves from trees which gave only camphor oil are recorded in 
Table 5. These results were calculated in a manner similar 
to that employed in calculating the yield of crystal camphor 
on a moisture and oil free basis. In general, the yield of 
camphor oil is less than the yield of crystal camphor. 


TABLE 5.—Camphor oil in leaves of Philippine trees. 


Analysis. 


Height of Camphor 

Tree No. tree. Nonvols- Camphor sil ein 
^ = loi in green] lated on 
tile solids. | leaves. | moisture 
free basis. 


Moisture, 


Meters. | Per сет. | Per сем. | Per сем. | Per cent. 


4.5 56.74 42.04 1.22 2.82 
10.0 62.49 45.82 1.69 3.56 
5.0 57.91 40.70 1.89 3.80 
13.5 56.12 42.44 1.44 3.28 
2.1 57.91 38.88 3.21 1.63 
1.7 68.26 31.08 0.66 2.08 
5.0 66.40 38.34 0.26 9.77 


5.0 54.81 43.68 1.61 3.34 
56.61 4.17 


“Dictionary of Chemistry 1 (1927) 668. 
» Pharmaceutical and Food Ап:1узїз (1922) 5. 
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This slightly yellow camphor oil, which was obtained from 
leaves that gave no crystals, was found to have the following 
constants: 

А А 30 C. 
Specific gravity (d 3074.) 9.8858 


Refractive index (N EC), 1.4652 


Specific rotation (A soe), —19,2 ° 


Since this oil had a negative rotation (—19.2 °) it is evidently 
quite different from the ordinary commercia] camphor oil which 
has a positive rotation. Some years ago the leaves of some 
camphor trees in Mauritius were distilled and the distillate was 
found to contain no erystal camphor but only camphor oil which 
gave a specific rotation'* of —20.4°. It is said that in For- 
mosa there are also varieties of trees which yield no crystal 
camphor,but only camphor oil. Possibly this unusual Philippine 
oil which had a negative rotation is similar to the oil obtained 
from leaves in Mauritius. We expect to investigate the com- 
position of this Philippine oil when a sufficient supply is available. 

SUMMARY 

We have investigated a large number of Philippine camphor 
trees growing at Baguio in the mountain province of the Philip- 
pines. These trees were of various sizes and were growing 
under different conditions. The results of our experiments have 
shown that camphor in young Philippine trees is located almost 
entirely in the leaves, for when the wood and twigs are distilled 
only traces or very small amounts of camphor crystals are ob- 
tained. 

The leaves of Philippine camphor trees gave about 2 to 7 per 
cent of crystal camphor calculated on a moisture and oil free 
basis. The yield of camphor was also calculated on the weight 
of moist green leaves, but, as shown by our figures, the results 
are apt to be misleading due to the variable amount of moisture 
contained in the leaves. 

By careful eultivation of the particular trees which gave the 
highest yields of crystal camphor it might be possible to develop 
a natural camphor industry in the Philippines. Possibly, if 
these trees were cultivated in other parts of the Philippines 
where the soil conditions are different the yield of crystal cam- 
pho? might be higher than in Baguio. 


* Parry, E, J., Essential Oils and Artificial Perfumes (1918) 157. 
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High-grade camphor may be obtained from the leaves of Phil- 
ippine trees, but those trees which yielded crystal camphor gave 
only а small quantity of camphor oil as a by-product. 

The leaves of some Philippine trees, when distilled, yielded 
no crystal camphor but only camphor oil which had a negative 
rotation. Similar results were obtained from leaves of camphor 
trees in Mauritius. These oils which have a negative rotation 
are different from the ordinary commercial camphor oil which 
has a positive rotation. 

In considering the Philippine production of commercial cam- 
phor it would seem advisable to investigate the cultivation of 
Philippine pine trees and the turpentine obtained from them. 
Aside from its use as a raw material for making synthetic cam- 
phor there is а considerable demand for turpentine as it is also 
employed in the manufacture of high-grade paints and varnishes. 


ILLUSTRATION 


PLATE 1. Philippine camphor trees in Baguio. 
248012——2 
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PLATE 1. PHILIPPINE CAMPHOR TREES IN BAGUIO, 
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’ BENDING AND COMPRESSIVE STRENGTHS OF THE 
COMMON PHILIPPINE BAMBOO: 


By José C. Espinosa 
Of the Bureau of Science, Manila 


THREE PLATES 
INTRODUCTION 


One of the most important building materials in the Philip- 

pines is the common bamboo, Bambusa spinosa Roxburgh. Much 

› has been written about its varied usefulness in tropical countries; 
and to quote Brown and Fischer:? 

The domestic uses of bamboo are innumerable and include bridges, fences, 
rafts, fish-traps, vessels for carrying and storing water, cooking, splints 
for baskets, hats and mats, vehicle shafts, chairs, cupboards, tables, beds, 
benches, flower pots, ete. In fact on account of the ease with which it is 
worked, bamboo is used for almost every purpose for which wood is em- 
ployed in temperate countries. 

Houses of fight material are generally of bamboo and nipa, 
and for temporary military bridges in tropical countries, bamboo 
is unsurpassed in availability of material, lightness, ease of 
construction, and strength. 

The present consideration is limited to the bending and com- 
pressive strengths of the common Philippine bamboo, Bambusa 
spinosa Roxburgh, the most useful of the thirty species known 
to be found in the Islands. 


SAMPLES TESTED 


The samples used in these tests were obtained in the local 
market where gradings due to size have placed them in the first- 
class lots. "They were cut after the rainy season, or in the 
months of November and December, and are representative of 
the common Philippine bamboo used in building construction. 
They were subsequently seasoned and tested in the latter part 


* This work has been done іп coöperation with the Bureau of Forestry 
by the aid of their representative, Ranger Martin Lagrimas, who made 
the tésts under the supervision of the author, 

з Bull, Philip. Bur. of Forestry 15 (1918) 10. 
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of March and the first half of April following. They were, 
therefore, dry and free from sap. Bamboo cut during the rainy 
season generally contains sap and is easily attacked by insects, 
especially “boc-boc,” a species of boring beetle. 

The specimens were from 10 to 15 meters in length with а 
culm diameter of about 10 centimeters. From each specimen 
the following test pieces were obtained: Starting from the culm 
end, one piece including five nodes for bending tests of 5-foot 
span; one piece with three nodes, and when the joints are shorter 
five nodes, and 48 inches high, for compression parallel to the 
grain or column test; two or three pieces with three nodes for 
bending tests of 28-inch span; and three pieces with two in- 
ternodes and 14 inches high for compression parallel to the 
grain. Smaller test pieces of split bamboo were cut from 
about the middle of each specimen. For bending tests, the pieces 
were about 9 by 15 millimeters in cross section and long enough 
for а span of 12 inches. The compression pieces were 1 inch 
high, the cross section being about the same as the bending pieces, 
The first test may be called, split-bamboo bending, and the second, 
split-bamboo compression. 


TESTING MACHINE AND ACCESSORIES 


All these tests were made on an Olsen testing machine of 
30,000 pounds capacity. А deflectometer was used with which 
readings of deflection may be taken to 0.005 of an inch. Dif- 
ferent speeds were used in bending and compression as may be 
seen in the following tests. 


METHOD OF TEST 


Static bending; 5-foot span.—The test piece in this case was 
supported on the outer nodes, Where the outer nodes do not 
come exactly on the points of support, the specimen was arranged 
80 that these nodes are equidistant from the supports. Only test 
pieces of about the same size and approximately the same length 
of internodes were used in this test. 

Load was gradually applied at the center node, the span being 
60 inches. The head of the machine moved at the rate of 0.225 
inch per minute. Readings of deflection were taken for every 
100-pound increase in load (Table 1). 

Column test.—The object of the test was to find the strength 
of bamboo posts as generally used in Filipino construction. «One 
end of the specimen was U-shaped to take rounded bearing sur- 
face; this is the common practice among bamboo carpenters. 
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The other end was cut at right angles to the axis. Plate 2 
shows the manner of loading; “W” is a piece of wood which 
exactly fits the U end. The speed of the machine in this case was 
0.042 inch per minute. 

> Static bending; 28-inch span. —The object of this test was to 
determine the strength of bamboo when used as floor joists 
either in house or bridge construction. Deflection readings were 
taken for every 100-pound increase in load. The speed of the 
machine was 0.225 inch per minute. 

Compression parallel to the grain.— The specimen in this case 
included only two internodes and was cut about 1 inch from each 
node at right angles to the axis. . The values to be determined 
were those occurring in practice where short posts are used, as 
in low platforms and floors. Load was applied parallel to the 
grain until the specimen failed. The speed of the machine was 
0.042 inch per minute. 

Split-bamboo bending.—This test had for its object, the deter- 
mination of the strength of split bamboo when used as flooring 
or wattling. The test pieces included only the internodes, 
Loading was applied at the center. Spans of 12 inches were 
used; forty-three pieces were bent with the exterior side up, 
and an equal number with the interior side up. Loading was 
gradual, and for every increase of 10 pounds a deflection reading 
was taken. The greatest fiber stress at the instant of failure 
My where f is the fiber 
stress, M is the maximum moment, y is one-half the height, and 
I is the moment of inertia of the section along its intersection 
with the neutral plane. і 

Split-bamboo compression.—In order to have ап idea of the 
crushing strength parallel to the grain of bamboo, compared with 
wood and other building materials this test was carried out. 
Load was applied on the ends of the specimen, 1 inch high, 
until failure occurred. 


MANNER OF FAILURE AND POINTS OF INTEREST OBSERVED 


Invariably in bending tests of both the large and small speci- 
mens failure was due to splitting along the sides and top, starting 
from the center and running outward in both directions. Upon 
releasing the load after a test, the specimen returned to normal 
so perfectly that it was difficult to recognize the marks left by 
the points of support and application of load. A. thin slit may 
remain where splitting occurred. 


was computed from the formula f — 
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Likewise in the compression tests splitting was the cause of 
failure. This, however, was generally accompanied by compres- 
sion. As might be expected in the case of the larger specimens 
with the U-shaped top ends, splitting began from the top, but 
failure due to compression also appeared at the lower end where 
there was a general separation of the fibers as in a brush. In 
the case of the smaller specimens failures due to both splitting 
and compression, as well as general fiber separation, occurred at 
both ends. 

Split bamboo in bending behaved somewhat differently. When 
the specimens were bent with the exterior side up, failure was 
due to tension on the lower side and to longitudinal shear. The 
maximum total deflection observed was 0.6 inch. Hardly any 
mark was left at the point where the load was applied. On the 
other hand, in bending with the exterior side down failure was 
due to longitudinal shear, as well as to actual crushing of the 
specimen where the load was applied, and, ultimately, tension 
on the exterior side. It may be of interest to note that the 
maximum load was carried for a total deflection of, in some cases, 
3 inches without injury to the exterior side, indicating the 
great flexibility of the material under test. 

The following are the values for greatest fiber stress at the 


instant of failure. 


Exterior Exterior 
side up. side down. 


Maximum 2,160 1,830 
Average 1,430 1,130 
Minimum 885 689 


Bond з found that from twenty small beams tested, there was 
по difference in strength observable when Specimens were loaded 
with the exterior side up and with the exterior side down. 

Failure in the case of split-bamboo compression was due both 
to compression and general separation of the fibers at both ends 
and to splitting. 

The following crushing Strengths were found: Maximum, 749; 
average, 535; minimum, 352. 


DISCUSSION 


In this connection it is probably not out of place to recall 
the structure of bamboo so as to have а better understanding 
whereof bamboo owes its unusual Strength for its size. Plate 3 


* Professiona! Memoirs, Corps of Engineers, United States Army 5; 601. 
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shows an enlargement * of а cross section of a bamboo segment, 
It can be seen how close together the hard Sclerenchyma cells 
are arranged toward the exterior Side, and that they become 
more and more dispersed toward the inside, They are so close 
together toward the exterior side that the parenchyma. cells, 
pronounced on the inside, are practically absent. The exterior 
itself is hard. Determinations of the hardness of the exterior 
by means of a scleroscope showed that bamboo approximates 
mild steel, giving an average reading of 30. 'Thus we have in 
bamboo a hollow cylinder the wall of which is composed of long 
straight fibrovascular bundles with an outside casing of а very 
hard material, 

It can be seen that the Strength tests in bending and compres- 
sion in the case of bamboo have variations which cannot be 
termed within narrow limits. On the other hand these limits 
are not so wide but that the data lend themselves to generaliza- 
tions sufäciently accurate for engineering purposes. It should 
be remembered that the Specimens herein used varied in thick- 
ness, size, length of internodes, and straightness of growth. We 
were, therefore, confronted with innumerable fcators affecting 
the strengths. 

In Tables 1 and 2 are given the results of tests in Static bend- 
ing for spans of 60 inches and 28 inches, respectively. 'The 
Strength values are herein grouped according to thickness of wall 
and according to outside circumference for the same thickness 
of wall It will be Shown in the summary following that the 
strength values vary with the thickness of wall From the last 
column of Tables 1 and 2, it would seem that in general for 
specimens of the same thickness of wall, the strength increases 
with an increase in outside circumference, This is true where 
а large number of tests have been made, 

In Table 3 is given а summary of the results of tests in 
Static bending with the specimen supported near the ends and 
loaded at the center. The figures for the specimens are grouped 
according to thickness. Average values of crushing loads for 
different thicknesses with the corresponding average outside cir- 
cumferences are here tabulated. For both 60- and 28-inch 


*Courtesy of L. J. Reyes, of the Bureau of Forestry, who furnished 
the original photograph and aided the author in the explanation of the 
bamboo structure, 
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Spans it сап be seen that the size of the specimens varied 
little and that an increase in thickness js accompanied by а 
material inerease in strength as shown by the average values 
of crushing load. This is to be expected, and, while it is un- 
fortunate that on account of several other factors like lengtli 
of internodes, kind of nodes, and straightness of growth, no de- 
finite mathematical relationship can be derived from these data, 
it is safe to assume that а piece of common bamboo of about 
80 centimeters in outside circumference can take а transversal 
live load of 0.25 to 1' ton, the span being 5 feet, before crushing 
occurs. Smaller pieces of about 24 centimeters outside circum- 
ference will take a live load of 0.25 to 0.75 ton if the span is 
about 2 feet, 

A few specimens were broken with the supports and the load 
at points midway between the nodes. The strength is below 50 
per cent of the above values. The practice, however, is to sup- 
port a beam at the node where it is shown to be more resistant 
to crushing. 

Tables 4 and 5 are the results of tests in compression parallel 
to the grain for column and for short posts, respectively. They 
are herein grouped according to thickness of wall and to outside 
circumference for the same thickness of wall. 

Table 6 is а summary of the strength that may be expected 
when bamboo is loaded parallel to the longitudinal axis. In 
the column tests it can be seen that a thicker bamboo should 
give higher strength values. The relationship of thickness to 
strength is not in direct proportion because increase in bearing 
surface alone due to greater thickness is not the only factor 
affecting strength. This is clearly shown by the tests on smaller 
Specimens, in that the average strength value for Specimens 5 
millimeters in thickness is slightly lower than that for specimens 
4 millimeters in thickness. _ 

For bamboo columns 4 feet high a minimum value of 4,630 
kilograms and a maximum strength of 12,300 kilograms or from 
4.5 to 12 tons have been registered. Ultimate failure occurred 
with a sudden drop in strength; the fibers, however, held together 
even at this point, except where the actual failure took place. 

The smaller compression specimens, about 7 centimeters in 
diameter and 14 inches high, in general can support 4.5 tons, 

and may support a load of as much аз 8.5 tons, 
€ 
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TABLE 1.—Static bending. 


[Span, 60 inches; beam loaded at center with the points of support and application of load 
at or near the nodes; speed of machine, 0.225 inch per minute.] 


Average 
: iali rie ond i ойе 
diente | Outside | Crushing | thickness of | Average | Average | сыш [for the same 
of wal, | circumfer-| load. | wall and the ‘of wall |eireumfer-| іоай. | wall and the 
ence, same outside А ence. same outside 
eircumfer- eireumfer- 
ence. ence. 
mm. mm. em. kg. 
5 T 30 447 
5 7 30 668 
5 1 30 706 |... 
5 т 80 725 637 
5 1 81 46 
5 7 31 513 
5 1 81 581 
6 7 81 тз 
в т 31 186 
6 1 81 179 
6 7 81 805 
в 1 31 900 
в 7 82 509 
в 7 32 578 
в 1 82 611 
6 7 82 623 
в 1 32 827 629 
5 7 83 633 |... 
H 7 38 690 667 
6 1 84 602 602 
| 8 28 668 |... 
6 8 29 375 
в 8 29 482 
H 8 80 192 
я 8 81 578 
i 8 81 668 
M 8 81 136 
H 8 81 749 
ê 8 81 806 
А 8 82 480 
5 8 82 642 
6 8 32 702 
> 8 32 714 
8 82 747 
6 8 32 780 
6 8 82 183 
5 8 33 118 
6 8 33 757 
7 8 84 813 
7 8 35 498 
т 8 86 985 
т 9 29 590 
„1 9 29 623 ; 
1 9 29 792 
7 9 81 611 
1 ml 867 600 d "s E 
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TABLE 1.—Statie bending—Continued. 


Average 
thickness 
of wall. 


© € € 6 0 0 o о о 


Average 
outside 
eircumfer- 
ence, 


em. 


1930 


Average Average 
crushing load crushing load 
for the same || average | Average й for the same 
Crushing | thickness of || thickness outside | Crushing | thickness of 
load. wall and the || ој wal, |circumfer-| load. wall and the 
same outside d ence, same outaide 
eircumfer- circumler- 
ence. 
kg. kg. тт. єт. kg. 
1,020 840 9 85 91T | eere rece 
9 35 997 
10 81 714 
10 81 815 
856 10 32 928 
987 10 32 937 
1,010 10 33 442 
702 |------------ 10 84 1,392 
556 |.-.......... n 88 1,120 


TABLE 2.—Static bending. 


[Span, 28 inches; beam loaded at center with the points of support and application of load 


st or near the nodes; speed of machine, 0.225 inch per minute.] 


Average 
load. px е Average 
Average ick- 5 ü 
NES, [outside tir. Соо fne of wal thickness | Srenme | Стране | ame ick: 
and the same ference. and the same 
outside eir- outside cir- 
cumference. eumference. 
mm. em. ko. kg. mm. em, 
4 19 408 |... 5 21 
4 21 44T 5 21 
4 21 555 5 21 
4 22 426 5 21 
4 22 431 5 21 
4 22 484 5 21 
4 28 416 5 21 623 497 
4 24 250 5 22 
4 24 424 5 22 
4 27 829 5 22 
5 18 497 5 22 
5 20 442 5 22 
5 20 562 5 22 
5 21 886 5 22 
5 21 422 5 22 
5 21 438 5 22 
5 21 442 5 22 
6 21 449 5 22 
5 21 467 5 22 
5 21 486 5 22 
М 21 499 5 23 
5 21 499 5 23 
5 21 509 5 23 
' 
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TABLE 2.—Static bending—Continued. 


Average Average 
crushing crushing 
X load n Ба X load for the 

ick= verage " same thick- 
Average outside Bar. Crushing een of wall || Average | outside cir-| Crushing en 
| wall 
thickness. илсе] 198: | and the same thickness. (cumference| (084, | доці the same 
outside outside 
eircumfer- circumfer- 
ence. ence, 


Où Où Où (л бл бл о Сл с с с с EN Сл Сл с л с о Où Où Eu о 0 с (к А л с о сл сл от ос бл А л N 


Oo^^oodcoocoacdoooonaocoooooonoaoncotuoggocomnoeunuogoeunaonnutuwonotn 
м 
м 
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TABLE 2.—Static bending—Continued. 


Average 
crushing 
load for the A 
Average à same < verage 
Average loutside cir-) Crushing | nes of wall || Average (outside cir- 
шне. outside ein Toad. = | Re of wal | шш. оч cr 
outside . 
circumfer- 
ence. 
mm. em, kg. kg. mm. em. 
6 26 6 26 
6 26 6 27 
6 26 6 21 
в 26 6 21 
6 26 1 26 
6 26 7 26 
6 26 


Crushing 
load. 


kg. 
783 
422 
610 
534 
679 
683 


TABLE 3.—Summary of static bending tests. 


1980 


Average | 


crushing 
load for the 
same thick- 
ness of wall 
and the same 
outside 
eircumfer- 
ence, 


Span, 60 inches, Span,28inches. ' 
БЫЛЫР" ona na. fere sot ar ct ag лана. 
em. ст. тт, kg. 
uc 611 Мах. 555 
29 5 ls 424 28 4 [am 418 
les 851 Min. 250 
Max. 736 Max. 704 
29 6 [ive 510 24 5 [er 498 
Min. 283 Min, 352 
Max. 900 Max. 783 
$1 7 b 639 25 6 {ave 573 
Min. 442 Min. 
985 
82 8 [к= 687 
Min. 430 
Max. 1,020 
82 9 [a 817 
Min. 556 
Мах. 1,820 
82 10 (am 886 
Min. 442 
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TABLE 4.—Compression parallel to the grain. 


[Column test, height 48 inches; upper end of specimen U-shaped to take & rounded bearing 
surface; speed of machine, 0.042 inch per minute.) 


Average Average 
› crushing load crushing load 
Average for the same A veri for the same 
Average outside Crushing | thickness of || Average Outside Crushing | thickness of 
thickness. | circum- load. wall and the || thickness. | circum- load. wall and the 
ference, same outside ference, same outside 
circumfer- eircumfer- 
ence, ence, 
mm. ст. kg. kg. mm. em. kg. kg. 
8 30 6,730 |... 10 83 10,000 8,590 
8 33 5,610 10 34 8,450 |... 
9 81 8,200 10 35 7,100 
9 81 12,800 10 35 7,550 
9 $2 5,970 10 35 9,800 
9 32 7,230 |.___...____ 10 85 9,660 
9 82 10,700 10 86 8,840 
9 33 7,160 10 86 9,550 
3 33 8,000 10 38 9,610 
9 R 33 9,750 1 33 9,000 
9 83 9,800 11 38 9,540 
9 84 7,700 |... 11 34 4,630 
9 34 8,400 8,050 11 84 8,840 
9 85 7,160 |............ 11 35 8,000 
9 85 8,230 7,690 1 85 9,980 
9 86 6,830 11 35 10,100 
10 30 7,350 11 87 9,240 
10 30 9,650 11 38 8,150 
10 81 6,420 12 30 9,400 
10 . 81 9,470 12 31 6,040 
10 82 1,580 12 81 7,600 
10 92 7,940 12 36 9,650 
10 83 5,800 18 29 10,400 
10 33 8,540 13 32 10,250 
10 33 9,030 13 84 10,200 
10 33 9,680 18 88 11,900 


TABLE 5.—Compression parallel to the grain. 


[Height, 14 inches; both ends cut at right angles to the axis; speed of machine, 0.042 
inch per minute.) 


Average Average 
erushin, crushing 
Average load for the Average А. load for the 
Average | outside | Crushing | same thick- || Average | outside | Crushing | same thick- 
thickness. | cireum- load. ness of wall || thickness. | circum- load. ness of wall 
ference, und the same ference. and the same 
outside cir- outside cir- 
cumlerence, cumference. 
mm. ст. kg. kg. mm. em. kg. 
4 17 3,660 4 19 4,180 
æ À 17 6,080 4 19 4,260 
4 18 4,030 4 19 4,640 
4 18 4,690 4 19 5,620 
4 18 5,100 4 21 6,150 
4 18 8,470 4 21 6,840 
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TABLE 5.—Compression parallel to the grain—-Continued. 


Ts — 
Average Average 
erushin; crushing 
Average load for the Average А load forthe 
Average outside Crushing | same thick- || Average outside Crushing | same thick- 
thickness.| circum- ова. ness ої wall || thickness. | circum- load. ness of wall 
ference, and the same ference. and thesame 
outside cir- outaide cir- 
cumference. cumference. 
mm. em. kg. mm. em. kg. 
4 22 6,410 5 19 6,860 
5 14 8,050 5 19 6,640 
5 15 8,460 б 20 3,840 
б 156 3,820 5 20 4,050 
5 15 4,140 5 20 4,190 
5 16 4,250 5 20 6,600 
5 17 4,670 5 20 1,860 
5 17 5,210 5 21 4,140 
5 17 5,450 5 21 4,430 
б 18 4,700 5 21 4,660 
5 18 5,080 5 21 4,780 
5 18 5,450 5 21 5,670 
5 18 5,600 5 21 6,550 
5 18 5,880 5 22 4,840 
5 19 4,850 5 22 5,290 
5 19 5,060 5 22 6,280 
5 19 5,200 5 24 4,840 
б 19 5,500 5 24 1,950 
5 19 5,630 6 23 8,470 
5 19 5,650 1 19 5,100 
5 19 6,810 |- 


TABLE 6,— Summary of compression t 


ests parallel to the longitudinal axis. 


Short strut tests. 


Average outside| Average thick- 


circumference, | ness of walle. | Crushing load. 


em. тт. kg. 
Max. 8,470 
19 4 m 5,260 
Min. 3,660 
Max. 7,950 
19 5 (Ave 5,230 
Min. 3,050 


Column tests. 
Age gute Average bie | Gratin load 
em. mm. kg. 

Max. 12,800 

38 9 b 8,850 

Min. 5,970 

Max. 10,000 

38 10 {Ате 8,470 

Міп. 5,800 

Мах. 10,100 

85 11 m 8,610 

Min. 4,630 

Max. 9,650 

32 12 jAve. 8,170 

Min. 6,040 

Max. 11,900 

83 18 Ih 10,690 

Min. 10,200 


tt 


_ 
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TABLE 7.—Crushing strength in compression parallel to the 
stress in bending at the instant of failure of split bamboo. 
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grain. and fiber 


опріч, [at she natant of бан ен 
‚grain-crushing | Value is an average of two testa. grain-crushing | Value ів an averag of two tests. 
strength. strength. 
Each value is Each value is 
an average of | Exterior side | Exterior side || anaverageof | Exterior side | Exterior side 
four teste. up. down, four tests. up. down. 
kg. per emt. kg. per ет 3. kg. per ст 3. kg. per стз. kg. per emt. kg. per ст 1. 
+ 749 1,270 957 626 1,470 1,240 
455 1,470 1,080 484 885 * 689 
505 1,120 957 18,484 1,660 1,380 
565 1,380 985 1,760 1,600 
624 1,590 957 1,190 1,030 
368 1,430 1,280 1,590 1,260 
512 1,550 1,100 1,410 1,010 
^ 352 1,590 985 1,850 1,240 
459 *2,160 1,570 1,840 1,190 
696 885 . 660 1,260 1,030 
482 1,850 997 1,410 1,860 
334 1,420 997 1,660 1,290 
857 1,320 1,150 1,360 1,240 
584 1,190 1,050 1,490 1,230 
514 1,710 1,100 1,440 1,160 
586 1,660 1,310 1,130 1,290 
610 2,010 * 1,830 1,290 864 
566 1,830 843 1,680 1,440 
642 1,190 983 1,520 1,240 
516 1,120 843 1,910 1,040 
524 1,050 975 жее. 61,265 48,169 
565 1,840 1,480 Average 595 1,425 1,134 
649 915 857 
* Maximum. > Minimum, 


TABLE 8.—Split bamboo, Static bending and compression parallel to 


the grain. 


GREATEST FIBER STRESS AT THE INSTANT OF FAILURE. 


Static bending: 


With load applied on the hard exterior side... 


With load applied on the soft interior вде........__.__.. 


| 
| 


» 


Average. 
Minimum..........| 
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Tables 7 and 8 show the average results of tests on split bam- 
boo in bending and compression. Moisture determinations on 
these split bamboo specimens average 13 per cent computed on 
the dry basis. The fiber stress values are about three times as 
high as those found in red lauan, or Philippine mahogany, while 
the crushing strength in compression parallel to the grain is 
about one and a half times as much. 


CONCLUSIONS 


It can safely be concluded that for all engineering purposes 
а piece of bamboo about 30 centimeters in cireumference when 
loaded at the center on a span of 5 feet can support 0.5 ton, 
and a piece of the same size when used as a post or column 
about 4 feet high can support 4 tons. The thicker the specimen, 
the stronger it is. Shorter spans and shorter posts will in 
general support greater loads although this relation may not 
be in exact mathematical proportion. When used as flooring 
the native practice of having the exterior side up is explained 
by its strength, rigidity, and hardness. In the case of wattling, 
split bamboo is woven so that some of the pieces are with the 
exterior side up and others with the exterior side down and the 
finished product is possessed both of strength and toughness. 


ILLUSTRATIONS 


PLATE 1. Bamboo beam test. 
2. Bamboo column test. 


3. Cross section of bamboo. 
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PLATE 1. BAMBOO BEAM TEST, 


PLATE 2. BAMBOO COLUMN TEST. 


[Pniur, Jouex, Scr, t1, No, 2. 


Esrixosa: PHILIPPINE BAMBOO. ] 
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PLATE 3. CROSS SECTION OF BAMBOO, 


ANTAMOKITE, A NEW GOLD-SILVER TELLURIDE 


By A. D. ALVIR 
Of the Bureau of Science, Manila 


ONE PLATE 


А sample of gold ore from the Benguet Consolidated Mining 
Company mine ат Antamok, Mountain Province, Philippine Is- 
lands, reported to run as high as 20,000 dollars а ton, was 
submitted to the Bureau of Science for Study. The writer 
visited the mine and obtained more samples. This particular 
high-grade pocket has been called the Dickson vein, although it 
forms part of the 153-W-vein in the E level of the Antamok 
mine. This rich pocket averages about 2.5 meters in thickness 
and shows a splendid crustification of quartz and chalcopyrite 
with tetrahedrite. The country rock is andesite. A short dis- 
tance from this pocket on the same vein some gypsum spar was 
observed in the middle of the vein, although in the rich pocket 
none was seen. In fact, in this level and in the lower ones 
gypsum is common. 

Megascopically the ore is a fissure filling in andesite of more 
or less vuggy quartz impregnated with chalcopyrite and tetra- 
hedrite which occur either alone or as а mixture, Pyrite is 
also present in small quantities, generally associated with the 
tetrahedrite. 

Several sections were polished and studied under the micro- 
Scope and camera-lucida sketches were prepared. In the course 
of this examination, a new gold-telluride mineral was observed. 

Considerable trouble was met in the identification of this min- 
eral because its microchemical reactions were very different 
from any known mineral whose microchemical reactions have 
been listed. These reactions with the reagents recommended by 
Davy and Farnham ! are as follows: 


НМО,: Slowly tarnishes slightly dark and rubs nearly clean. Upon 
long interaction pits develop which persist even after a 
little re-grinding and re-polishing. 

HCl: Negative (may tarnish very slightly). 
» 


'Microscopic Examination of the Ore Minerals, ist ed., McGraw-Hill 
, 


Book Co. (1920) 11. 
137 
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KCN: Negative. 

FeCh: Immediately tarnishes very iridescent and rubs same. 
HgCh: Slowly tarnishes yellow and rubs faint yellow. 
(KOH)H: Negative. 

The hardness is low, probably between 2 and 3. The color 
under the microscope is grayish white with a slight bluish tinge. 
The color of the powder is dark gray. 

The mineral occurs in very tiny portions almost always as- 
sociated with the calaverite in the ore. Consequently it was 
almost impossible to isolate it for chemical analysis. How- 
ever, after a long search, slightly larger portions of it were 
found, essentially free from calaverite. These were gouged out 
with a needle, and analyzed. There was not enough for a 
thorough chemical analysis, but what there was showed gold, 
tellurium, and traces of silver. No lead, antimony, or copper 
was found, showing that in all probability it is a gold telluride 
with a little silver. This mineral, quite conclusively a new 
Species, is hereby named antamokite, after Antamok, 

Under the microscope, the following minerals were 
identified given in the order of deposition: Prismatic quartz 
crystals; pyrite (in minor amounts) ; tetrahedrite (cut by cala- 
verite) ; calaverite (silver free); antamokite; tetrahedrite (in- 
closing calaverite and antamokite) ; chalcopyrite (generally re- 
placing tetrahedrite) ; and quartz filling. 

Quartz in perfect prismatic crystals embedded in some of 
the ore minerals was the first to be deposited. The little pyrite 
found and the tetrahedrite come next, although some tetrahedrite 
certainly was deposited later. This tetrahedrite is auriferous 
but silver-free. Then the calaverite and the antamokite were 
deposited contemporaneously, generally in association with the 
tetrahedrite. Some portions show the two tellurides cutting the 
tetrahedrite, while other portions show that the tetrahedrite 
was deposited around the two tellurides. It seems that the te- 
trahedrite was deposited at two different stages. While some 
of the chalcopyrite may be primary, it occurs mostly as a re- 
placement of the tetrahedrite. Finally more quartz was de- 
posited. Tetrahedrite and chalcopyrite are the most abundant 
metallic minerals. 
` The deposit probably belongs to that class of young gold- 
silver lodes to which the Cripple Creek > deposits belong. They 
are generally quartzose fissure fillings, full of vugs, with tellu- 


"Lindgren, Waldemar, Mineral Deposits, 2d ed., McGraw-Hill Book Co. 
(1919) 521-526. 
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rides of gold and silver, tetrahedrite, and the common sulphides 
as ore minerals. These were precipitated from hot ascending 
Solutions related to the latest instrusions. The country rock 
is generally andesite. 

Ores of this class generally do not persist to depths greater 
than 500 or 700 meters. It has been observed that there is an 
impoverishment as the zone of primary minerals is attained. 
It is also known, as at Cripple Creek, that there are no signs 
of secondary enrichment. In the zone of oxidation metallic gold 
should be found derived from the oxidation of the tellurium in 
the tellurides. 

This ore carries much gold, very little silver, and a consid- 
erable amount of copper. 


* Lindgren, op. cit. 474 and 883. 


ILLUSTRATION 


PLATE 1. Antamokite; a, antamokite; c, calaverite; qtz, quartz. 
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PLATE 1. ANTAMOKITE, 


COPEPODA HARPACTICOIDA VON DER INSEL LUZON, 
PHILIPPINEN 


Von P. A. CHAPPUIS 
Institutul de Speologie, Cluj, România 


MIT EINER FIGUR 


Im Sommer 1926 hatte der leider zu früh dahingeschiedene 
Prof. C. F. Baker vom College of Agriculture in Los Bafios die 
Freundliehkeit mir einige Planktonproben aus der grossen La- 
guna de Bay in Central Luzon zu senden. Diese Proben wur- 
den am 8.V.26. von einem Schiffchen aus an einer stark mit 
Myriophyllum bewachsenen Stelle gesammelt, und in Alkohol 
konserviert. Die Untersuchung ergab, dass sie neben zahlrei- 
chen Cladoceren, grosse Mengen von Centropagiden und Cyclo- 
piden, einige Harpacticiden sowie auch Hydracarinen enthielt. 

Die Cladoceren verblieben leider unbestimmt, die anderen 
Gruppen jedoch wurden von Spezialisten bearbeitet deren Re- 
sultate in dieser und in zwei folgenden Arbeiten verüffentlicht 
werden sollen. Dieses Material war uns sehr wertvoll, umso- 
mehr als aus den Philippinen bis heute sozusagen nichts bekannt 
war. 

In den drei Proben aus der Laguna de Bay, central Luzon, 
fanden sich nur drei verschiedene Harpacticidenarten vor, und 
zwar: ein leider noch nicht geschlechtsreifes und desshalb un- 
bestimmbares Exemplar das, soweit ersichtlich, einer marinen 
oder Brackwasserform nahestehen muss; drei Weibchen von 
Nitocra platypus bakeri subsp. nov.; und zwei Weibchen von 
Canthocamptus bidens subsp. coronatus (Sars). 


NITOCRA PLATYPUS BAKERI subsp. nov. 
Weibchen.—Kôrper schlank, die ersten Antennen achtgliedrig ; 
Sinneskolben des vierten Gliedes erreicht das Ende der Antenne 
nicht. Nebenast der zweiten Antenne dreieckig, mit drei dis- 
talen Borsten. Rostrum schmal, fast so lang wie das erste 
Glied der ersten Antenne. Sämmtliche Thoracalsegmente ohne 
Dornenreihen, aber mit zahlreichen feinen Sinnesborsten. 
Am ersten Abdominalsegment, ventral, in der Mitte, eine 
Reihe sehr feiner Dornen; nahe dem Hinterrande eine zweite 
143 
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Reihe gróberer Dornen. Am zweiten und dritten Segment findet 
sich eine ähnliche ventrale Dornenreihe; am vierten Segment 
ist die Dornenreihe in der Mitte der Segmenthóhe. Ausserdem 
ist die Basis der Furkaläste ventral mit Zähnchen umsäumt; 
auf der Dorsalseite finden sich jederseits zwei Dornen. 

Analoperculum mit vier bis fünf groben Dornen. Furka we- 
nig länger wie breit, mit zwei wohl entwickelten apicalen Bors- 
ten von denen die innere mehr wie doppelt so lang ist wie die 
äussere. Die geknöpfte Borste subapical, ein bischen auf die 
Innenseite gerückt. 


EEE 


с 


Fic. 1. Nitocra platypus bakeri subsp. nov. Weibchen, a, Erstes Beinpaar; b, Endopodit 
des zweiten Beinpaares; с, Endopodit des dritten Beinpaares; d, fünftes Beinpaar. 


Endopodit des ersten Beinpaares (Fig. 1, a) gleich lang wie 
der Exopodit; sein letztes Glied apical mit einem Dorn, einer 
langen und einer kurzen Borste bewehrt. Letztes Glied des Exo- 
poditen mit nur zwei Dornen und zwei Borsten. Erstes Glied 
des Endopoditen P, (Fig. 1, b) ohne Innenranddorn, zweites 
Glied mit Innenrandborste, drittes Glied mit drei Borsten und 
einem Dorn. Endopodite des P, und P, (Fig. 1, c) gleich ge- 
baut: Erstes Glied ohne Innenranddorn, zweites Glied mit In- 
nenrandborste, drittes Glied mit vier Borsten und einem Dorn. 
Die Exopodite dieser drei Beinpaare sind ühnlich gebaut: das 
erste Glied mit einem Dorn an der äusseren distalen Ecke; zwei- 
tes Glied mit einem Dorn an der gleichen Stelle und einer Borste 


‹ 
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an der distalen Ecke der Innenseite; letztes Glied mit drei Dor- 
nen am Aussenrand, zwei apicalen Borsten und zwei Borsten am 
Innenrande. Von diesen zwei Borsten ist die proximale beim 
P, und P, nicht sehr stark entwickelt. 

Das Basalglied des P, (Fig. 1, d) breit; der innere Teil ist 
vorgezogen, erreicht das Ende des zweiten Gliedes und trägt 
fünf Borsten von denen die vierte, von Innen gezühlt, die grósste 
ist. Die anderen sind untereinander ungefähr gleich lang. Ап 
der äusseren distalen Ecke, neben der letzten Borste, finden sich 
zwei kleine Dórnchen. Das zweite Glied ist breit, oval, mit 
fünf grósseren und einigen kleineren Borsten. 

Das Männchen ist unbekannt. 

Fundort, Laguna de Bay, Central Luzon. Drei Weibchen mit 
Eiballen. 

Diese Art ist mit Nitocra platypus Daday aus einem Tümpel 
bei Wat-Sabatomo, Siam, so nahe verwandt, dass sie als Un- 
terart derselben betrachtet werden muss. Die Hauptunter- 
schiede zwischen der Unterart und N. platypus sind forgende: 


P. 
М. platypus, typ., Exopodit, drittes Glied, mit 2 Borsten und 3 Dornen. 
N, platypus bakeri, Exopodit, drittes Glied mit 2 Borsten und 2 Dornen. 
Р, 
М, platypus typ., Endopodit, erstes Glied mit Innenranddorn. 
N. platypus bakeri, Endopodit, erstes Glied ohne Innenranddorn. 


CANTHOCAMPTUS BIDENS subsp. CORONATUS (Sars). 
Attheyella coronata Sars 1904. 
Canthocamptus bidens Daday 1905. 
Attheyella decorata Daday 1907. 
Canthocamptus bidens van Douwe 1912. 


Vergleichen wir Punkt für Punkt Schmeil’s Beschreibung von 
C. bidens und diejenige Sars's für Attheyella coronata, so ist 
ausser der Zweigliedrigkeit des Endopoditen P, kein wesent- 
licher Unterschied festzustellen. Dies veranlasste van Douwe? 
die Vermutung auszusprechen "dass dem sonst so vorsichtigen 
Sehmeil hier tatsáchlich ein Versehen unterlaufen ist und er 
die Trennung der beiden letzten Innenastglieder übersehen hat, 


‘Zool. Jahrb. Abt. Syst. 24 (1907) 175-200. 
з Arch. f. Hydrob. 7: 316. 
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was insoferne wohl entschuldbar wáre, als Schmeil nur zwei 
Tiere bei Aufstellung der Art zur Verfügung hatte und die 
Trennungsstelle der beiden fraglichen Fussglieder nicht immer 
leicht zu erkennen ist." 

Canthocamptus bidens wurde in Europa jedoch nicht nur von 
Schmeil gefunden, sondern auch von Scourfield und von Jaku- 
bisiak* Letzterer bemerkt ausdrücklich, dass das von ihm ge- 
fundene Tier mit dem von Schmeil beschriebenen C. bidens 
vollstándig identiseh ist, und dass A. coronata hauptsüchlichst 
durch die Dreigliedrigkeit des Endopoditen P, von dieser Art 
verschieden ist. 

Auf eine briefliche Anfrage von mir, antwortete Herr Jaku- 
bisiak: "Je puis vous affirmer que l'exemplaire de C. bidens, 
trouvé par moi, avait l'endopodite de la premiére paire de pattes 
natatoire composé de deux articles et non de trois." : 

Es scheint also festzustehen das Schmeil sich nicht geirrt 
hat, und dass eine Canthocamptus Art wie er sie unter dem 
Namen C. bidens beschrieben hat tatsächlich existiert. Die 
Reduktion einer Gliedmasse ist іа bei Harpacticiden keine Sel- 
tenheit, und wir haben es hier mit einer ühnlichen Erscheinung 
zu tun wie bei der almählichen Reduktion der Gliederzahl der 
Endopoditen bei den Verwandten des Canthocamptus minutus 
Claus. Dort kann ja die fortschreitende Verringerung der 
Gliederzahl уоп C. minutus über C. mrazeki zu C. Zschokkei am 
besten beobachtet werden. 

Die Reduktion einer Gliedmasse eines einzigen Beinpaares ist 
aber, wenn sie allein auftritt von so untergeordneter Bedeutung, 
dass wir sie nicht als Artmerkmal betrachten können, Cantho- 
camptus coronatus muss also in der Nomenklatur als Subspecies 
von C. bidens figurieren, obwohl er morphologisch ursprünglich- 
er und desshalb als Stammform von C. bidens angesehen werden 
muss. ` 

Zu den Synonyma ist folgendes zu bemerken: Über verschie- 
dene von Daday beschriehene Canthocamptus Arten ist schon 
in einer früheren Arbeit berichtet worden‘ und es konnte bei 
dieser Gelegenheit festgestellt werden, dass den Daday'schen 
Beschreibungen, wenigstens was die Harpacticiden betrifft, 
nieht ohne weiteres zu trauen ist. Ein typisches Beispiel von 
Daday's Arbeitsweise giebt uns seine Beschreibung von Attheye- 


* Bull. Soc. Zool. France 47. e 
* Chappuis, P. A., Bull Soc. Sc. Cluj 2 (1924) 96-103. 
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Ша decorata5 Dort sagt er: “Ich habe diese Art zuerst aus 
Neuguinea beschrieben, allein bei der Vergleichung mit neuerem 
mir vorgelegenen Material stellte es sich heraus, dass das Exem- 
plar aus Neuguinea ein junges, noch nicht geschlechtsreifes 
Tier war ee s Aus der Fauna von Paraguay habe 
ich dieselbe als Varietüt von Canthocamptus bidens Schmeil 
beschrieben, allein dort habe ich bloss geschlechtsreife Exem- 
plare erhalten, war somit nicht in der Lage, die Identität mit 
dem neuguinesischen Canthocamptus decoratus zu constatieren.” 

Canthocamptus bidens coronatus ist nun sehr nahe mit C. 
grandidieri Richard und vielen anderen tropischen Canthocamp- 
tus Arten verwandt, und es ist unmöglich zu entscheiden ob die 
Daday vorgelegene Jugendform aus Neu-Guinea wirklich zu C. 
coronatus gehórt. Bevor jedoch Daday merkte, dass der als C. 
decoratus beschriebene Harpacticide nur ein Jugendstadium 
einer noch unbekannten Art war, beschrieb Sars seine Attheye- 
lla coronata aus den Hawaiischen Inseln, und, da diese Beschrei- 
bung die erste ist die sich auf ein geschlechtsreifes Tier dieser 
Species bezieht, so müssen wir der Bezeichunng von Sars die 
Priorität geben. 

Die Verbreitung dieses Tieres, ist der von C. grandidieri ähn- 
lieh, nur ist unser Subspecies bis jetzt noch nicht aus Afrika 
bekannt; wohl aber aus den Hawaii Inseln (Sars); Paraguay 
(Daday) ; Sumatra und Java (Daday) ; Ceylon (nach einer brief- 
lichen Mitteilung von F. Kiefer der diese Form in Material aus 
dem Gregory-See fand); Brasilien (van Douwe) ; und nun aus 
den Philippinen. 

Systematisch gehört C. bidens coronatus einer in den Tropen 
weit verbreiteten Harpacticidengruppe an für welche V. Brehm 
die Schaffung einer besonderen Gattung "Chappuisiella" vor- 
schlägt.* Ueber die Diagnose und Zusammensetzung dieser 
Gruppe wird in einer spáteren Arbeit die Rede sein. 


* Zool. Jahrb. 24 (1907). 
“Arch. f. Hydrob. 16, 


ERKLARUNG DER FIGUR 


Fic. 1. Nitocra platypus bakeri subsp. nov. Weibchen, a, Erstes Beinpaar; 
b, Endopodit des zweiten Beinpaares; c, Endopodit des dritten 
Beinpaares; d, fünftes Beinpaar. 

149 


SUSSWASSER COPEPODEN (CALANOIDA UND CYCLO- 
POIDA) VON DER INSEL LUZON, PHILIPPINEN 


Von FRIEDRICH KIEFER 
Dilsberg (bei Heidelberg) 
MIT EINER FIGUR 


Herr Dr. P. A. Chappuis? war so liebenswürdig, mir vor 
einiger Zeit drei Gláschen mit Planktonmaterial aus der Laguna 
de Bay von der Insel Luzon zu senden, damit ich die darin vor- 
kommenden Copepoda-Calanoida und -Cyclopoida untersuche 
Es sei mir zunächst gestattet, Herrn Dr. Chappuis für Ueber- 
lassung dieser Proben auch an dieser Stelle meinen herzlichsten 
Dank auszusprechen. Eine über Süsswasser-Copepoden der 
Philippinen handelnde Arbeit ist mir bis jetzt noch nicht be- 
kannt geworden. Ich ging darum mit einiger Spannung an 
die Bestimmung der gefundenen Tiere; und obwohl die Proben 
sehr klein waren, konnte ich doch 4 verschiedene Arten aus den 
beiden oben genannten Unterordnungen feststellen. 


CALANOIDA 


DIAPTOMUS SENSIBILIS sp. nov. Fig. 1. 

Von den Calanoida fand sich nur eine Art und zwar nur in 
wenigen Stücken. Es ist ein Diaptomus, den ich mit keiner 
mir bekannten Art identifizieren konnte. Ег sei deshalb unter 
obigem Namen in die Wissenschaft eingeführt. 

Раз Weibchen.—Der Kórper des ungefáhr 1850 д langen 
Tierchens ist ziemlich schlank. Grösste Breite des Vorder- 
körpers etwa in der Mitte. Viertes und fünftes Thoraxsegment 
sind dorsal vollkommen miteinander verwachsen, nur seitlich 
lásst sich noch die ehemalige Trennung erkennen (Fig. 1, a). 
Die Flügel des letzten Segments sind nur recht klein und gerade 
nach hinten gerichtet; am Ende sitzt jederseits ein schlanker, 
nahezu zylindrischer Sinnesdorn (Fig. 1, а). Das schlanke Ab- 
domen ist dreigliedrig. Das Genitalsegment ist rund doppelt 
so lang wie die beiden andern zusammen und in seinem vor- 


* Das Material wurde von Prof. C, F. Baker vom College of Agriculture 
in Log Baños, Philippine Islands, gesammelt und im Jahre 1926 Dr. Р. А. 
Chappuis zugesandt.—EDITOR. 
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Fie. 1. Diaptomus sensibilis sp. nov.; a, viertes und fünftes Thoraxsegment und Abdomen, 
Weibchen, dorsal; b, rudimentürer Fuss des Weibchens; c, fünftes Thoraxsegment und 
Genitalsegment, Männchen, dorsal; d, grosser Maxilliped, Weibchen; e, mittlerer Teil der 
männlichen Greifantenne; f, Endglieder der männlichen Greifantenne; р, rudimentäres 
Beinpaar des Männchens; №, erstes und zweites Basalglied und erstes Exopoditglied des 


rechten männlichen Fusses von der Seite, 
deren Teile jederseits mässig und annähernd symmetrisch ver- 
breitert. Unterhalb der breitesten Stelle sitzt jederseits eben- 
falls ein langer zylinderförmiger Sinnesdorn (Fig. 1, a). Die 
beiden übrigen Abdominalsegmente sind symmetrisch, das mitt- 
lere deutlich kürzer als das letzte. Lie beiden Furkaläste sind 
ebenfalls einander gleich und ohne erwähnenswerte Kennzeichen. 
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Die Vorderantennen reichen zurückgeschlagen etwas über das 
Hinterende der Furkaläste hinaus, sind also sehr lang. Bau 
und Bewehrung des grossen Maxillipeden sind am besten aus 
Fig. 1, a, zu erkennen. Besonders hingewiesen sei darauf, dass 
Lobus 3 des ersten Basalgliedes nur 2, Lobus 4 nur 3 Borsten 
besitzt. Ueber die Schwimmbeine ist hier nur zu sagen, dass 
am mittleren Gliede des Innenastes vom zweiten Paar jegliche 
Spur eines sogenannten Schmeilschen Anhanges fehlt. Das 
rudimentäre Füsschen ist folgendermassen gebaut: (Fig. 1, b). 
Das breite erste Basalglied trügt einen hyalinen Sinnesdorn, 
der denen an den Thoraxflügeln überaus ähnlich ist. Das zweite 
Basalglied, and dessen kurzem &usseren Rande die übliche Borste 
sitzt, ist abgestumpft kegelförmig. Das erste Aussenastglied, 
das rund doppelt so lang ist wie breit, zeigt an seiner proximalen 
Innenecke einen chitinigen Vorsprung. Das zweite Exopodit- 
glied ist in eine nur mässig nach innen gekrümmte, beiderseits 
mit Dórnchenfiederchen versehene, starke Klaue ausgezogen. 
Das kleine dritte Glied ist vollkommen mit dem zweiten vers- 
chmolzen; es ist apikal mit einem starken Stachel und einer 
zärteren Borste bewehrt. Ausserdem sitzt an der Basis des 
ehemaligen Gliedes ein dem Aussenrand des zweiten Gliedes zu- 
gehörendes kleines Dörnchen. Der zylindrische, an seinem Ende 
kegelförmig zugespitzte Innenast erreicht etwa zwei Drittel bis 
drei Viertel der Länge des ersten Aussenastgliedes. Seine hya- 
line Spitze trägt einen Kranz feiner Börstchen und innen ein 
gróberes Stachelchen. Eiballen wurden keine beobachtet. 

Das Münnchen.—Es ist etwas kleiner und noch schlanker als 
das Weibchen. Viertes und fünftes Thoraxsegment sind eben- 
falls miteinander verwachsen. Das Genitalsegment trägt rechts 
seitlich einen langen schlanken Sinnesdorn (Fig.1, c). Das vor- 
letzte Abdominalsegment ist hinten schrüg abgeschnitten und 
rechts etwas mehr nach hinten gezogen als links. Ueber die 
symmetrischen Furkaläste ist hier nichts besonderes zu sagen. 
Die Greifantenne ist in ihrem mittleren Teil nur sehr schwach 
aufgetrieben. Die Glieder 10, 11, 13 bis 16 sind mit Dornen 
bewehrt; über deren Grösse und Aussehen unterrichtet am bes- 
ten (Fig. 1, e). Das drittletzte Glied ist in einen Fortsatz aus- 
gezogen, der ein Drittel bis ein Viertel der Länge des folgenden 
Gliedes erreicht. Von der Mitte des Gliedes ab ist sein Rand 
auf der Fortsatzseite von einer schmalen hyalinen Membran 
gesöumt, die unmerklich in die Zähnelung des Fortsatzes über- 
geht (Fig. 1, f). Das Endglied ist ohne besondere Bewehrung. 
Ueber die Mundwerkzeuge und die Schwimmbeine ist nichts 
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neues zu sagen. Das rudimentäre Fusspaar (Fig. 1, g) weist 
folgenden Bau auf: 

Rechts.—Das kurze, aber recht breite erste Basalglied besitzt 
auf seiner kaudalen Fläche einen sehr langen, borstenförmigen 
Sinnesstachel Das Zweite Basalglied, in Aufsicht etwa recht- 
eckig und doppelt so lang wie breit, trügt auf seiner kaudalen 
Flüche drei Chitin-Auswüchse, deren Aussehen in Seitenlage 
des Fusses am besten die beigegebene (Fig. 1, k) zeigt. Die 
Innenseite des Gliedes weist eine feine Granulierung auf, die 
wohl als Sinnespolster gedeutet werden darf. Das erste Auss- 
enastglied, das sehr kurz ist, besitzt zwei bemerkenswerte Fort- 
sätze, einen auf der kaudalen Fläche sitzenden und nach innen 
gerichteten und einen an der distalen Aussenecke. Das zweite 
Exopoditglied verbreitert sich von der Basis zum distalen Ende 
zu deutlich. Ausser dem verhältnismässig kurzen, zweimal 
schwach geknickten Enddorn und dem ebenfalls nur recht kur- 
‘zen, nahe der Basis der Klaue entspringenden Seitenranddorn, 
bemerkt man auf der Fläche des Gliedes in seiner unteren Hälfte 
und nahe dem Innenrande einen zarten hyalinen Auswuchs. 
Der zylindrische Innenast ist nur so lang wie das erste Auss- 
enatglied. 

Links.—Der ganze Fuss erreicht nur etwas mehr als die Länge 
des rechten bis zur Basis des ersten Exopoditgliedes, ist also 
ziemlich kurz. Das erste Basalglied besitzt einen ähnlichen, nur 
etwas kürzeren Sinnesdorn wie das entsprechende Glied der 
andern Seite, das zweite Glied ebenso ein Sinnespolster an seiner 
Innenseite. Der Aussenast erscheint zweigliedrig; er ist ziem- 
lich einfach gebaut, trägt innen einige Sinnespolster, und das 
Ende des letzten Gliedes ist fingerförmig vorgezogen; neben 
diesem Fortsatz sitzt eine stachelfórmige Borste. Der Innenast 
ähnelt dem des rechten Fusses in hohem Grade, nur ist er etwas 
kleiner (Fig. 1, 9). Spermatophoren wurden nicht gesehen. 

Hauptkennzeichen der Art sind: Form der weiblichen Thorax- 
flügel, die Sinnesdornen an diesen Flügeln und am Genitalseg- 
ment sowie die verschiedenen hyalinen Dornen und Höckerfort- 
sätze am rudimentären männlichen Fusspaar. 


CYCLOPOIDA 


Im untersuchten Materiale fanden sich ausser dem eben be- 
schriebenen Diaptomus noch Exemplare dreier verschiedener 
Cyclopoiden-Arten. Am häufigsten war Mesocyclops leuckarti 
Cls., jedoch nicht in der in Europa, vorkommenden Form, son- 
dern in einer sich davon wohl unterscheidenden, in den Tropen 
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weit verbreiteten Variation, die vielleicht als Unterart angesehen 
werden kann; ich werde sie in einer demnáchst erscheinenden 
Revision der Gattung Mesocyclops Sars genauer kennzeichnen. 

Ihr gegenüber trat in den vorliegenden Proben eine zweite 
Art derselben Gattung zahlenmässig sehr stark zurück ; námlich, 
Mesocyclops hyalinus Rehbg. 

Die dritte festgestellte Art endlich gehürt in die Cyclops vari- 
cans-Gruppe. Ihre genaue systematische Stellung kann jedoch 
erst ermittelt werden, wenn die in Vorbereitung befindliche 
Bearbeitung der varicans-Aehnlichen abgeschlossen its. Ich 
verzichte daher an dieser Stelle auf weitere Ausführungen über 
die wenigen gefundenen Exemplare. 

Aus dem spärlichen hier behandelten Material lassen sich 
natürlich weder in oekologischer noch in zoogeographischer 
Hinsicht irgendwelche Schlüsse ziehen. Die drei Cyclopiden 
sind (wenigstens als Typen) weit verbreitet; der Diaptomus 
aber ist, noch neu und vorerst noch ohne ganz sicheren Anschluss 
an bereits bekannte Formen. Es würe daher sehr zu begrüssen, 
wenn ein mit den Lebensgewohnheiten der freilebenden Cope- 
poden etwas vertrauter Süsswasser-Zoologe bald weitere Auf- 
sammlungen von den Philippinen zusammenbrüchte. Aus deren 
Bearbeitung müsste sich dann wohl erkennen lassen, ob die 
Philippinen (vor allem hinsichtlich ihrer Calanoiden-Fauna) 
zum malayischen Gebiet oder aber zu Südost-China паһеге Be- 
ziehungen haben. 


+ ERKLÄRUNG DER FIGÜR 


Fic. 1. Diaptomus sensibilis sp. nov.; a, viertes und fünftes Thoraxseg- 
ment und Abdomen, Weibchen, dorsal; b, rudimentärer Fuss des 
Weibchens; c, fünftes Thoraxsegment und Genitalsegment, Männ- 
chen, dorsal; d, grosser Maxilliped, Weibchen; e, mittlerer Teil 
der männlichen Greifantenne; f, Endglieder der männlichen Greif- 
antenne; g, rudimentäres Beinpaar des Männchens; k, erstes 
und zweites Basalglied und erstes Exopoditglied des rechten 
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HYDRACARINEN VON DER INSEL LUZON, PHILIPPINEN 


Von С, WALTER 
Zoologische Anstalt der Universitát Basel 
MIT БАБІ FIGUREN 


Meines Wissens sind von den Philippinen noch keine Hydra- 
сагтел beschrieben worden. Die drei im Nachfolgenden cha- 
rakterisierten Arten verdanke ich Herrn Dr. P. A. Chappuis. 
Sie stammen von Luzon. Zwei derselben, Limnesia bakeri und 
Neumania flagellata, stellen fiir die Wissenschaft neue Formen 
dar. Die dritte ist auf die sumatranische Species Neumania 
ambigua, Piersig zu beziehen. 


LIMNESIA BAKERI sp. nor. Fig. 1. 

Münnchen.—Verwandtschaftlich steht diese Art mit der von 
Keenike* von Nossi-Bé beschriebenen Limnesia aspera sehr 
nahe; denn die Genitalplatten weisen nicht nur 6, sondern 8 
Näpfe auf. 

Die Körperlänge beträgt beim Männchen 0.540 Millimeter, die 
Körperbreite 0.420. Umrisslinie oval; der Stirnrand ist zwi- 
schen den 30 „langen, 105 „ voneinander entfernten antennifor- 
men Borsten vorgewölbt. 

Die 5 в dicke Haut ist nicht wie bei der Vergleichsart mit 
Chitinspitzchen bedeckt, sondern feinliniert. Auf dem Hinter- 
rücken liegt eine kleine rundliche Platte als Muskelansatzstelle. 
Die grossen Vorderlinsen der Augen liegen 105» auseinander, 
sind schmal elliptisch und erreichen den Körperrand. Hintere 
Linsen rundlich. Augenpigment rotbraun. 

Ventralwand des Maxillarorganes 100 „lang, an der Ansatzs- 
telle der Palpen 80 x breit. Der bis an den Hinterrand der 
Ventralwand reichende Pharynx erweitert sich hinten bis auf 
23 и, bleibt also im ganzen recht schmal. Hinterrand des Maxil- 
larorganes quer abgeschnitten, seitwürts in je einen sehr kurzen 
Fortsatz auslaufend. Die oberen Fortsätze sind degegen lang 
und kräftig. Jederseits der Mundóffnung findet sich wie bei 


‚Das Material wurde von Prof, C. Е. Baker vom College of Agriculture 
in Los Вайоз, Philippine Islands, gesammelt und im Jahre 1926 Dr. P. 
A, Chappuis zugesandt.—EDITpR. 

З Abh. Senckenberg. naturf. Ges. 21 (1898) 407-410, Taf. 25, Fig. 114, 117. 
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der Vergleichsart ein zapfenförmiger Vorsprung mit kurzer 
Borste. Mandibel 0.163 Millimeter lang. 

Streckseitenlängen der einzelnen Palpenglieder: Erste, 18; 
zweite, 73; dritte, 41; vierte, 88; fünfte, 33 p. Der Palpus ist, 
wenn auch im ganzen recht ühnlich gebaut, so doch kürzer und 
gedrungener als derjenige der Vergleichsart. Der Chitinhöcker 
der Beugeseite des zweiten Gliedes kürzer, sein Zahn leicht nach 
vorn gerichtet. Tasthöcker des vierten Gliedes dem distalen 
Gliedende пйрег. Alles übrige its aus Fig. 1,а zu ersehen. 

Das Epimeralgebiet bedeckt fast die vordere Hälfte der Ven- 
tralseite (Fig. 1,5). Hister der Maxillarbucht treten die ers- 
ten Epimeren sehr nahe zusammen, ohne jedoch miteinander zu 
verwachsen. Der gemeinsame Fortsatz der ersten und zweiten 
Epimere steht nicht über den verdickten Hinterrand vor. Der 
Aussenrand der vierten Platte in seiner ganzen Länge auswärts 
vorgebogen. 

Die Beborstung der Beine ist eine mässige; insbesondere fällt 
die Reduktion der Schwimmhaare auf. Solche treten vereinzelt 
auf dem fünften Gliede des dritten und auf dem vierten und 
fünften Gliede des letzten Beines auf. Die die Gliedenden ein- 
nehmenden Borsten sind relativ lang und zum Teil gefiedert. 
Endglied des Hinterbeines ohne Krallen, vor der Basis des 
Chitinstiftes eine verlängerte Borste, im übrigen drei bis vier 
kürzere Borsten tragend. Kralle der drei Vorderbeine aus einem 
starken Hauptzahn und je einem ausserordentlich feinen Innen- 
und Aussenzahn bestehend. Länge der Beine: Erstes, 0.372; 
zweites, 0.435; drittes, 0.455; viertes, 0.590 Millimeter. 

Das 0.125 Millimeter lange und 0.120 Millimeter breite Geni- 
talorgan ist breit-oval und verlängert sich an seinem Hinter- 
rande nach hinten in einen flächigen Vorsprung. Die Genitalöff- 
nung hat eine Länge von 57 р, ist elliptisch und von vier Napf- 
paaren umstellt, von denen das vordere und das hintere grösser 
sind als die beiden innern. Die beiden innern Näpfe einer 
Plattenhälfte sind weiter voneinander entfernt als diese von den 
äussern. Zwischen den beiden Näpfen des hintern Paares liegen 
zwei Verdickungen der Platte, die als Muskelansatzstellen die- 
nen. Auf der Platte finden sich wenige feine Haare. 

Excretionsporus nahe am Hinterrand des Körpers gelegen. 

Weibchen.—Eiertragende Weibchen werden bis 0.9 Millimeter 
lang. Sie tragen die meisten Merkmale der Männchen. Der 
Palpus ist schlanker. Die Streckseitenlàngen seiner Glieder 
messen: Des ersten Gliedes, 26; des zweiten, 104; des dritten, 
67; des vierten, 137; des fünften, 44 4, Die Beugeseitenhócker 
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am vierten Gliede treten schwächer hervor. Genitalorgan (Fig. 
1, c) 0.187 Millimeter lang, 0.150 Millimeter breit. Es hat ova- 
len Umriss. Jede Klappe trägt vier Näpfe in ähnlicher Anord- 
nung wie beim Männchen, der Abstand zwischen der vorderen 
und der hinteren Gruppe ist jedoch grösser. Der vordere und 
der hintere Napf sind grösser als die beiden mittleren. Der 
vordere Stützkörper dem Vorderrande der Klappen ange- 
schmiegt. 


Fro. 1. Limnesia bakeri sp. nov.; a, Weibchen, Palpus; b, Маппеһеп, Ventralansicht; e, 
Weibchen, Genitalorgan; d, Genitalplatte der Nymphe und die vier Nüpfe des Teleioph- 
anorganes. 


Nymphe.—Die trapezartige Genitalplatte (Fig. 1,4) trägt 
zwei Paare von Маріеп, von denen das vordere kleiner ist als 
das hintere, welches vom Hinterrand weiter absteht als das vor- 
dere vom Vorderrand. Diese beiden Ründer leicht gewellt. 
Dem Palpus fehlt der Chitinhócker auf der Beugeseite des zwei- 
ten Gliedes. 

Teleiophanstadium.—Länge, 0.555 Millimeter. Teleioderma 
fein papillós. Teleiophanorgan 4-näpfig (Fig. 1,d), wodurch 
sich die 8-nüpfigen Limnesia-Arten von den 6-näpfigen, deren 
Teleiophanorgan sich aus nur zwei Näpfen zusammensetzt, zu 
unterscheiden scheinen. Sollte diese Tatsache zur Regel wer- 
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den, so würe dies ein wichtiger Grund zur Abtrennung der 8- 
näpfigen von den 6-näpfigen Limnesien. 

Fundort.— Philippinen, Luzon. Ein ‘Männchen, drei eiertra- 
gende Weibchen, ein Teleiophan-Stadium, eine Nymphe. 


NEUMANIA AMBIGUA Piersig. Fig. 2. 

Weibchen Моп den Philippinen lag ein einziges weibliches 
Exemplar vor, das ich mit drei Weibchen dieser Art aus der 
Piersig’schen Sammlung vergleichen konnte. Piersig hat zu 
seiner Beschreibung * offenbar ein noch nicht vóllig erwachsenes 
Exemplar verwendet, woraus sich manche Abweichung als bloss 
scheinbar bestehend herausstellt. Mit grosser Wahrscheinlich- 
keit dürfte sich auch М. megalommata Konike, obwohl sie in 
ihren Kórpermassen hinter denjenigen der Piersig'schen Indivi- 
duen zurückbleibt, auf N. ambigua beziehen lassen. Ein ab-: 
schliessendes Urteil ist vor Ueberprüfung der Type Koenike's 
nicht móglich. А 

Körperlänge des Philippinen-Exemplares 1.140 Millimeter, 
Haut weich, nicht zu Erhärtungen neigend, wie von Piersig ver- 
mutet. Epidermis auch bei den Vergleichstieren undeutlich 
liniert, mit zahlreichen, sehr feinen Chitinspitzchen dicht 
besetzt. Die meisten Drüsenmündungen höckerig erhaben, be- 
sonders stark zwei Drüsenöffnungen am Hinterrand des Körpers. 

Maxillarorgan 130 „ lang, die Mandibeln nur wenig länger; 
deren Klauenglied wenig gebogen, 47 „ lang. Streckseitenlän- 
gen der Palpenglieder: Des ersten Gliedes, 31; des zweiten, 101; 
des dritten, 60; des vierten, 104; des fünften, 28 р. Auf der 
Mitte der Flachseite gemessen entspricht die ermittelte Länge 
(0.265 Millimeter) genau dem von Koenike für М. megalommata 
angegebenen Palpenmasse. Für die Art ist die Einlenkung des 
Chitinzahnes in den Höcker an der distalen Beugeseite des 
vierten Gliedes charakteristisch: der Zahn sitzt nicht zentral, 
sondern in der Flanke des Hóckers. Piersigs Fig. 28, Taf. 15, 
stellt den von der Aussenseite gezeichneten Palpus dar; es sind 
jedoch nicht alle Borsten eingezeichnet (siehe Fig. 2, a). 

Bei eiertragenden Weibchen bedecken die Epimeren (Fig. 2, 
b) eine Fläche von 0.525 Millimeter Länge. Nach Piersig glei- 
chen sie denen von N. volzi. Immerhin sind einige wesentliche 
Abweichungen zu vermerken: Hinterrand der vierten Epimere 
fast gerade, da die Einlenkungsstelle des Hinterbeines am Auss- 


3Zool. Jahrb. Syst. 23 (1906) 329-330, Taf. 15, Fig, 28-30. ° 
Jahrb. Hamburger wiss, Anst., Mitt; naturh. Museum 23 (1906) 111- 


114, Taf. 1, Fig. 6-9. 
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enrande sehr weit nach hinten verlagert ist. Die Aussenfort- 
sätze der dritten und der vierten Platte beide gerundet, bei N. 
volzi dagegen derjenige der dritten Epimere eckig, derjenige 
der vierten in einen schief rück- und auswärts gerichteten Zahn 
auslaufend. Der Hinterrandsfortsatz der vierten Epimere ist 
nur nach erfolgter Prüparation erkennbar, da er ausserordent- 
lich schwach chitinisiert ist. Dritte Epimere halb so Iang wie 
die vierte. 

Die Beine messen: Erstes, 0.945; zweites, 0.990; drittes, 
0.945; viertes, 1.110 Millimeter. Wenn Piersig die Gliedmassen 
von N. ambigua als ähnlich ausgerüstet wie bei М, volzi bezeich- 


Ела; 2. Newmania ambigua Piersig; a, Weibchen, Palpus; b, Weibchen, Epimeralgebiet 
und Genitalorgan. 


net, so ist das nur in bedingtem Malsse der Fall. So zählt man 
auf dem vierten Gliede der beiden Vorderbeine nur ein statt 
zwei Paare langer gerillter Degenborsten, auf dem fünften 
Gliede derselben nur zwei statt drei Paare. Ihr Endglied zeigt 
distal neben einer schwachen Biegung eine Verbreiterung vor 
dem Krallengrunde. Auf dem vierten und fünften Gliede des 
Hinterbeines sind alle Kurzborsten der Innenflüche gefiedert, die 
distale ist nur wenig lünger als die übrigen; diese Dolchborsten 
nehmen regelmässig von der proximalen zur distalen an Länge 
zu. ‚Der Schwimmhaarbesatz bei beiden Arten ähnlich, ebenso 
die Krallen. Das Endglied des Hinterbeines ist im Vergleich 
zu М. volzi relativ kürzer als der vorausgehende Artikel. 
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Piersig bildet in seiner Fig. 29 auf Taf. 15 das Genitalfeld 
eines noch nicht erwachsenen Weibchens ab, dessen Genitalöff- 
nung am Hinterrande eine Einkerbung hervorruft und dessen 
Genitalplatten ganz an das Kórperende zu liegen kommen. Bei 
ausgereiften Weibchen liegt aber das Genitalfeld ganz vom 
Kórperrande ab. Genitalöffnung sehr lang (Fig. 2, 5), bei 
gequetschten Tieren 0.255 Millimeter, bei einem Weibchen aus 
der Piersig'schen Sammlung, das noch die natürliche Wólbung 
der Bauchfläche zeigt, 0.185 Millimeter (nach Piersig bei einem 
noch jungen Exemplare 0.152 Millimeter). Genitalplatten klein, 
in nicht gewölbter Lage gleich weit vom vorderen wie vom hin- 
teren Stützkórper entfernt. in natürlicher Lage dem hinteren 
scheinbar genähert. Ihre Form ist eine unregelmässig dreiseit- 
ige, ihr Rand infolge schwacher Chitinisierung unscharf, wellig. 
Nach Piersig sitzen auf jeder Platte 7 bis 11 Nüpfe; die drei 
Exemplare aus seiner Sammlung tragen jederseits aber 13, 14, 
ja 18 Näpfe, das Philippinen-Exemplar auf der einen Platte 13, 
auf der andern 14. Auf den Plattenründern, besonders in der 
Vorderecke der Platte zählt man vereinzelte kurze Haare, meist- 
ens auch zwei in der freien Haut hinter der Platte, 

Excretionsporus am Körperhinterrande, etwas erhöht. 

Fundort.—Philippinen, Luzon, ein Weibchen. 

NEUMANIA FLAGELLATA sp. nov. Fig. 3. 

Weibchen.—Die Körperlänge des im Umriss kurz-elliptischen 
Tieres beträgt 0.700 Millimeter bei einer Breite von 0.615 Milli- 
meter. Stirnrand zwischen den antenniformen Borsten ganz 
schwach eingebogen. Diese sind kurz und fein, sitzen auf Ne- 
benhöckern grosser Stirnzapfen und 225 р voneinander entfernt. 
Alle Drüsenmündungen und die meisten Einzelhaare finden sich 
auf ähnlichen über die Haut hervorragenden Zapfen, wie auch 
der die Mitte des Hinterrandes einnehmende Excretionsporus. 
Haut ca. 15 „ dick, dicht mit feinen, sehr kurzen Chitinspitzchen 
besetzt. Die Augen liegen am seitlichen Vorderrande; sie sind 
schwarz pigmentiert. Beide Linsen eines Doppelauges sind 
elliptisch, die vordere mit 40 4, die hintere mit 35 ь messendem 
grösstem Durchmesser. 

Maxillarorgan und Mandibel je 105 „ lang, letztere mit stark 
hakenfürmig gekrümmtem Klauenglied von 34 р Länge. Pal. 
pus (Fig. 3, а) kurz und schwach; seine Glieder messen auf 
der Streckseite: Erstes, 18; zweites, 57; drittes, 28; viertes, 67; 
fünftes, 28 р. Sie sind weiter charakterisiert durch seh? ge- 
ringen Borstenbesatz, insbesondere.durch die Abwesenheit lan- 
ger, steifer Borsten am Distalende des dritten Gliedes und der 
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Tasthaarhöcker an der Beugeseite des vierten Gliedes. Tast- 
haare sehr fein und kurz, das äussere ganz distal, das innere 
nur wenig vom Gliedende abgerückt. Das vierte Glied trägt 
distal innen einen kurzen Chitinstift, aussen aber ein ausser- 
gewöhnlich langes und weiches Haar (über 0.3 Millimeter lang), 
das am Grunde ziemlich kräftig, gegen sein Ende aber sehr fein 
wird. Das Englied ist mit drei Klauen besetzt, von denen die 
dorsale etwas vom Gliedende abgerückt ist. 

Epimeren vom Stirnrand abstehend, 0.360 Millimeter lang, 
0.480 Millimeter breit. Ihre Oberfläche zeigt deutliche hexa- 
gonale Felderung, die einzelnen Plattengruppen sind breit um- 
randet. Epidermenidex = 3,65. Hinterrand der vierten Epi- 
mere transversal gerichtet, sein Fortsatz schwach entwickelt. 
Die äusseren Fortsätze der beiden hintern Platten nicht hakig 
(Fig. 8, b). 


Fic. 9. Neumania flagellata sp. nov.; a, Männchen, Palpus; b, Männchen, Ventralansicht. 


Beine im Vergleiche zu anderen Neumania-Spezies dünn, die 
Vorderbeine nur unbedeutend stürker als die nachfolgenden. 
Beinlängen: Erstes, 0.785; zweites, 0.810; drittes, 0.780; viertes, 
0.900 Millimeter. Die gerillten Langborsten auf dem Vorder- 
beine wenig zahlreich, eine einzelne auf dem dritten, ein Paar 
auf dem vierten, zwei Paare auf dem fünften Gliede; auf dem 
zweiten Beine ein Paar auf dem vierten, zwei Paare auf dem 
fünften Gliede; sie sind jedoch kürzer als auf dem ersten Beine. 
Das fünfte Glied des dritten Beines trägt distal eine grobgefie- 
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derte Borste, auf die Gliedlánge verteilt 3-4 kurze Borsten, diese 
scheinbar ohne Fiederung. Einige wenige Schwimmhaare find- 
en sich auf dem vierten und fünften Gliede des dritten Beines, 
auf dem dritten bis fünften Gliede des vierten. Innenfläche des 
Hinterbeines auf dem dritten Gliede mit 1, des vierten mit 3, 
des fünften mit 4 grobgefiederten kurzen Borsten. Kralle ein- 
fach, ohne Nebenzáhne. 

Das Genitalorgan ist nahe an das Epimeralgebiet gerückt. 
Die beiden Stützkörper gross, die Genitalspalte 180 „lang. Je- 
derseits derselben eine stark chitinisierte, am Aussenrande noch 
besonders verdickte Platte, die mit 8 Nápfen und wenigen feinen 
Randhaaren besetzt ist. Hinter der vierten Epimere liegen 3 
Drüsenhófe. 

Fundort.—Philippinen, Luzon. Ein Weibchen, neun Eier von 
0.170 Millimeter Durchmesser tragend. 


° 
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Fic. 1. Limnesia bakeri sp. nov.; a, Weibchen, Palpus; b, Mánnchen, 

Ventralansicht; с, Weibchen, Genitalorgan; d, Genitalplatte der 
Nymphe und die vier Näpfe des Teleiophanorganes, 

2. Neumania ambigua Piersig; a, Weibchen, Palpus; 6, Weibchen, 
Epimeralgebiet und Genitalorgan. 

3. Neumania flagellata sp. nov.; а, Mánnchen, Palpus; $, Männchen, 
Ventralansicht. 
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NOTES ON PHLEBOTOMUS NICNIC BANKS 


By C. MANALANG 
Of the Philippine Health Service, Manila 


ONE PLATE 


Banks : reported this species in 1919 as the first in the Phil- 
ippines belonging to the genus Phlebotomus Rondani. Sinton ? 
states the following about Р. піспіс Banks: 

The male genitalia of this species resemble closely those of P. minutus 
Rond. and the possibility that it may be identical with P. perturbans de 
Meij. has been discussed under the latter species. There is also а possibi- 
lity that it may be the same as some of the Indian species, such as P. 
баби Annandale, which have the same type of male genitalia. Until some 
more definite information is available as to the morphology of the buccal 
armature and other important diagnostic features, this species must be 
included in the list of Asiatic Phlebotomus. The species has only been 
recorded from the Philippine Islands. 

In view of Sinton's doubts, the present study was undertaken 
with particular attention to the buccopharyngeal armatures з and 
the genitalia The results of the Study seem to establish de- 
finitely that P. піспіс is a distinct species and not synonymous 
with Р, minutus, P. babu, or P. perturbans. 

Sand flies were obtained in the mornings from several ano- 
pheles mosquito-catching stations of the Novaliches water pro- 
ject, in May, 1929. A comparison of the specimens with the 
paratypes of P. піспіс Banks kindly furnished by Prof. L. B. 
Uichanco showed that I was dealing with the same species. 

The method used for mounting the buccopharyngeal armatures 
is similar to the one used in the study of these structures in 
anopheles,® but the specimens were stained with carbol fuchsin. 
The spermathece were studied in fresh specimens, dissected in 
salt solution, and later preserved in 5 per cent formalin. The 
male hypopigium was observed in potash preparations. 


* Philip. Journ. Sci. 14 (1919) 163-165. 
aind. Journ. Med. Res. 16 (1928) 297-324. 
"Adler, S., and О. Theodor, Bull. Ent. Res. 16 (1926) 399-405. 
* Sinton, J. A., Ind. Journ. Med. Res. 15 (1927) 29-32, 
° Manalang, C., Philip. Јошт. Sci. 38 (1929) 131-136. 
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DESCRIPTION OF FEMALE 


Medium sized, usually dark brownish gray, a few almost black 
(except the thorax); very hairy. Legs metallic silvery and 
wings and abdomen iridescent by transmitted light. Hairs 
on the clypeus, dorsum of the thorax, and first segment of the 
abdomen erect, on remaining segments recumbent; pleurz with- 
out flat scales. Eyes black and oval. 

Palps——First segment short with two rows of stout hairs at 
the proximal end (Plate 1, fig. 1) ; second segment more than 
two times the first and shorter than the third or fourth; fifth 
segment slender, a little longer than the combined lengths of 
the third and fourth segments. No modified spines. The seg- 
ments bear scales and hairs. Total length of palpus, 0.72 milli- 
meter. 

Antennz—Second segment spherical, carrying a single ver- 
ticil of stout long hairs (Plate 1, fig. 2); third segment two 
times the length of the fourth. All segments covered with 
hairs, sixteenth segment (Plate 1, fig. 3) with many short hairs. 
Short geniculate spines present; total length of the antenna, 
1.17 to 1.24 millimeters. 

Buccal armature—Pigmented area cylindrical with slight 
expansion at its caudal half (Plate 1, fig. 8) ; two rows of minute, 
Short, conical teeth, clearly seen only with oil-immersion lens. 
Pharyngeal bulb (Plate 1, fig. 9) flask-shaped, with three to four 
rows of slender, widely-separated teeth pointing backward 
among transverse ridges. 

Thorax.—Integument colorless (hyaline in fresh specimen) 
laterally, dark brown to black dorsally; dorsum thickly covered 
with black vertical hairs; halteres black. 

Abdomen.—Dorsum, except for first segment, covered with 
recumbent hairs. Integument almost black. Length, 0.90 to 
1.2 millimeters; total body length, 1.88 to 2.231 millimeters. 

Wings.—Hairy, lanceolate, and pointed (Plate 1, fig. 6). 
Third longitudinal vein dividing wing into two equal parts, the 
curvatures of the anterior and posterior borders the same. The 
upper or anterior branch of the second vein equals the distance 
between the two forks. Length, 1.600 to 1.650 millimeters; 
width, 0.500 millimeter. 


*Banks's figure of the palp (Plate 1, fig. 1) and his description of it 
(p. 164) are apparently erroneous. He had the first and second segments 
considered as one segment, the first segment, and the fifth segment divided 
into two filiform segments which he called the 4th and 5th. 


41,2 Manalang: Phlebotomus nicnic 171 


Hind legs.—Hind legs slightly longer than body, covered with 
hairs and scales arranged in bands, particularly on the tarsal 
segments (Plate 1, fig. 7). Ungues rectangular at base, body 
Slender, slightly bent apically. 

Genitalia.—S permethecze barrel-shaped and Smooth, in one 
case they were very faintly striated (Plate 1, fig. 4). Sper- 
mathecal ducts join at acute angle (Plate 1, fig. 5). 


DESCRIPTION OF MALE 


Male slightly smaller than female; abdomen slender; an- 
tennz slightly longer; palps shorter. Wings slightly shorter 
and considerably narrower; anterior branch of the second vein 
Shorter than the distance between the two forks. Buccal and 
pharyngeal armatures similar to those of the female with the 
characteristic cylindrical pigmented area in the buccal cavity. 

Genitalia.—Proximal segment of the superior clasper bears a 
thick brush of nondeciduous stout long hairs on the mesial sur- 
face; distal segment one-third the length of the proximal and 
armed with four stout spines (macrochætæ), three apical and 
one on а subapical tubercle, one or two Spines with spatulate 
tips. Intermediate appendage simple finger-shaped, bearing 
hairs over its distal half. Intromittent organ paired but usually 
fused distally; Plate 1, fig. 11, shows them Separated with tips 
of the genital filaments just protruding. Inferior claspers not 
armed. Plate 1, fig. 10, shows chitinous tube of “pompetta” 
and the two ejaculatory ducts. 


DISCUSSION 


Adler and Theodor's * figure of the spermatheca of P. minutus 
Rondani is similar to that of P. nicnic but the buccal and pharyn- 
geal armatures are different, the pigmented area is oval with 
many long teeth in P. minutus, and cylindrical with minute 
short teeth in P. nicnic. Teeth in pharynx are numerous and 
point forward in P. minutus, but are few and point backward 
in Р. nicnic. The buccal armature of Р. babu Annandale, ac- 
cording to Sinton * has a mushroom-shaped pigmented area with 
depression in the top, and numerous teeth. The buccal armature 
of P. perturbans de Meijere, according to Patton and Hindle,’ 
has a small, pale, somewhat semilunar pigmented area, and 
carries more, longer, and stouter teeth than Р. nicnic. 

+ 
* Loc. cit. 
“Ind. Journ. Med. Res. 15 (1927) pl. 8, fig. 9; 16 (1928) 315. 
"Ргос. Royal Soc. London 102 Series B (1928) 542, fig. 9a. 
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I am unable to find figures or descriptions of the pharyngeal 
bulbs of P. babu and P. perturbans to compare with that of P. 
nienic, However, the buccal armature of P. піспіс as described 
differs to such an extent from those which it simulates extern- 
ally, that it is believed that P. nicnic should be considered а 


distinct species. 


TABLE 1.—Measurements of parts of the body. 


Female 1. | Female 2. | Female 8. | Male 1. 


Body: mm. mm. mm. mm. 
Clypeus and head. 0.330 0.356 0.350 |.......... 
Thorax... 0.500 0.550 0.500 0.450 
Abdomen 0.900 1.200 1.200 1.200 
Superior сіаврег, segment 1...... 0.150 0.125 0.150 0.225 
Total length 1.880 2.231 і 
Labium. 0.212 0.225 
Antenna: к 
Segment IH... 0.158 0.162 0.162 0.212 
Segment IV... 0.075 0.081 0.075 0.100 
Segment У. 0.075 0.081 0.075 0.100 
Segment VI. 0.075 0.081 0.076 0.100 


Segments XII to ХУ: 
Total length (including segments 


I, II, and VII to Х1).....-.... 1.176 1.247 1.174 1.381 

Palp: 

Segment 1.- 0.037 0.037 0.037 0.041 

Segment 2 0.093 0.100 0.100 0.087 

Segment 3 9.137 6.125 0.125 0.125 

Segment 4 0.143 0.150 0.137 0.150 

Segment 5... 0.318 0.312 0.300 0.215 

Total length. 0.728 0.724 0.699 0.678 
Wing: 

Length. 1.660 1.650 1.500 1.500 

Breadth. 0.500 0.500 0.375 0.350 
Hind leg: 


Femur 


Tarsus, segment 1...._...____.._ 0.350 0.400 0.400 0.400 0.380 

Tarsus, segments 2 to 5. 

Total length, 
Superior clasper: 


Segment 1... 0.225 0.237 

Segment 2... 0.075 0.087 
Intromittent organ 0.065 | 0.065 і 
| 


* Not including coxa and trochanter. 


| 
| 


Fic. 


ILLUSTRATIONS 


PLATE 1. PHLEBOTOMUS NICNIC BANKS, 


1. Female palpus (potash preparation mounted in Berlese's fluid). 
2. Proximal portion of female antenna. 


3. Distal portion of female antenna. 


4. Snermatheca (dissection from a fresh Specimen, preserved in 5 
per cent formalin). 


5. Junction of the two spermathecal ducts. 

6. Denuded wing of female (potash preparation). 

7. Last tarsal joints of hind leg of female (potash preparation 
mounted in Berlese's fluid). 

8. Buccal armature of female (potash preparation stained with carbol 
fuchsir). 

9. Pharyngeal armature of female (potash preparation stained with 
carbol fuchsin). 

10. Chitinous ducts in the “pompetta” and the ejaculatory ducts 
(potash preparation). 

11. Male genitalia (potash preparation); m, macrochætæ: ds, distal 
segment, superior clasper; ps, proximal segment, superior elas- 
per; b, brush of hairs; io, intromittent organ; ia, intermediate 
appendage; ed, ejaculatory ducts; ic, inferior clasper. 
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A NEW SPECIES OF THE GENUS PHLEBOTOMUS 
` RONDANI 


By C. MANALANG 
Of the Philippine Health Service, Manila 
ONE PLATE 


Banks : published the first report in the Philippines of a spe- 
cies of this genus in 1919 and named it Phlebotomus nicnic. 

The first specimen observed of this new Sand fly was an 
erect-haired male in a collection from one of the mosquito sta- 
tions of the Novaliches water project. It was among a number 
of Culicoides collected in April, 1929. In the collection made in 
May, after some rains, the Culicoides were replaced by sand flies, 
mostly ‘of the new species, and a few recumbent-haired ones, 
P. nicnie Banks. After a week or 80, P. nicnic outnumbered 
and finally entirely replaced the erect-haired flies in the collec- 
tions. In July, the new species reappeared in the collections. 


PHLEBOTOMUS PHILIPPINENSIS sp. nov. Plate 1. 
DESCRIPTION OF FEMALE 


Medium-sized, erect-haired, golden yellow with metallic luster 
on wings and legs when viewed by transmitted light. Eyes 
black, slightly oval to almost spherical. Clypeus and occiput 
with long vertical hairs. 

Palps.—Characterized by short fourth segment (Plate 1, fig. 
1) which is even shorter than the second ; third segment almost 
as long as fifth; all segments covered with slender bent scales, 
but no modified spines are seen. Length, 0.53 millimeter. 

Antennz.—Second segment spherical with a single verticil 
of long hairs (Plate 1, fig. 2) ; third segment long, not quite 
reaching the tip of the labium, about two and a half times the 
fourth segment, rather densely covered, as the other segments, 
with long hairs; sensorium with shorter slender hairs (Plate 
1, fig. 3). Long geniculate spines present. Length, 1.9 milli- 
meters. 

Buccal armature.—Without pigmented area but with fine, 
short, faintly-staining teeth arranged somewhat like a V (Plate 


? Philip. Jours, Sci. 14 (1919) 163-165. T 
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1, fig. 6). Pharyngeal bulb flask-shaped with many long stout 
teeth directed forward (Plate 1, fig. 9). 

Thorax. —Integument pale yellow; no flat scales on the pleure; 
dorsum covered with long vertical hairs. Halteres long-stem- 
med, club-shaped, and covered with brown scales. 

Abdomen.—Cylindrical, integument brownish yellow, dorsum 
with long vertical hairs arranged in tufts, some curved forward, 
others backward. Ventrum and sides covered with semirecum- 
bent hairs. Length of abdomen, 1.2 millimeters. "Total body 
length, 2.23 to 2.36 millimeters. 

Wings.—Voluminous, covered with grayish brown hairs. 
Posterior border more curved than anterior (Plate 1, fig. 10). 
Upper or anterior branch of the second longitudinal vein almost 
twice as long as the distance between the two forks. Wing, 
1.80 by 0.7 millimeter. 

Hind legs.—Long, covered with scales and hairs distinctly 
arranged in bands particularly on the tarsal segmento (Plate 
1, fig. 8). Ungues slender and straight. Length of hind legs, 
3.43 millimeters; about one and one-fourth times the length of 
the body. 

Genitalia.—Spermathecæ carrot-shaped, with eleven crenula- 
tions, small head, and short neck (Plate 1, fig. 4). The sper- 
mathecal ducts join at acute angle into a common highly 
chitinized yellowish duct (Plate 1, fig. 5). : . 


DESCRIPTION OF MALE 


Abdomen slenderer than in female, and terminalia bent dor- 
sally, size and color about the same; the abdominal integument 
of female somewhat darker. Buccal armature like that of fe- 
male; pharyngeal bulb without the long, stout teeth seen in the 
female but with transverse chitinous ridges only. 

Genitalia.—Distal segment of the superior clasper slightly 
less than one-half the length of the proximal segment, and 
armed with five stout pointed spines (marcrochætæ) placed 
two apically, two subapically, and one just below the mid-portion 
(Plate 1, fig. 7). Intermediate appendage with three lobes and 
a long stout spine, the spine longer than the intromittent organ. 
The inferior lobe a broad pigmented prominence, bearing four 
hairs (Plate 1, fig. 11). Length of intromittent organ, 0.08 to 
0.087 millimeter, the genital filaments hardly protruding. In- 
ferior claspers not armed. Chitinous tube of the “pompeita” 
and the two ejaculatory ducts are shown on Plate 1, fig. 12. 
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TABLE 1.—Measurements of parts of the body of Phlebotonus philippinen- 
sis sp. nov. 


Male 1. Male 2, | Female 1, | Female 2. 


Body: mm. mm, тт. тт. 
Clypeus and head... 0.330 0.400 0.430 0.400 
Thorax.......... 0.450 0.500 0.675 0.500 
Abdomen... .......... 1.400 1.100 1.200 1.200 
Superior clasper, segment 1 0.225 0.225 0.160 0.130 
Total length............. 2.405 2.225 2.365 2.230 

Labium. 0.250 0.300 |... 

Antenna: 


Segment III. 0.337 0.325 0.800 0.275 
0.131 0.137 0.125 0.125 
0.131 0.131 0.125 0.125 
0.131 0.137 0.126 0.125 
Segments XII to XVI... ive 0.450 9.450 0.450 0.470 


Total length (including segments I, II, and 


VILto XI) einen rennes 1.985 2.021 1.900 1.895 
Palp: 

Segment 1... 9.050 9.037 0.037 0.037 
Segment 2. 0.087 0.087 0.100 0.110 
Segment 3. 0.125 0.125 0.168 0.150 
Segment 4. 0.062 0.062 0.015 0.015 
Segment 5. N 0.137 0.160 9.160 0.162 
Tota! length.. 0.461 0.461 0.630 0.534 


Wing: 
1.750 1.700 1.800 1.800 
0.630 0.570 0.680 0.700 
Hind leg: 
Femur... 
Tibia. ... 
Tarsus, segment 1_ 
Tarsus, segments 2 to 5. 
Total length * 
Superior clasper: 
Segment 1.. 
Segment 2.. 
Intromittent organ. 


0.750 0.675 

s 1.260 1.250 

0.700 0.730 0.730 0.750 
о 

3 


* Not including coxa and trochanter. 


DIFFERENTIAL DIAGNOSIS 


This species is easily differentiated from P. nienic by the erect 
hairs on the dorsum of the abdomen (P. nicnic, recumbent), 
the broader wings, and five spines (macrochætæ) on the distal 
segment of the superior clasper of the male (P. nicnic has four). 
The spermathecz of this species are similar to those of P. argen- 
tipes Annandale, but with marked differences їп the pharyngeal 
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armatures. In Р. argentipes the teeth in the pharynx are few 
and point backwards. 

Phlebotomus stantoni Newstead differs from the new species 
because, according to Sinton,’ the pharyngeal armature of this 
species is similar to that of P. argentipes. 


* Sinton, J. A., and J. P. Barraud, Ind. Journ. Med. Res. 16 (1928) рі. 
29, fig. 5; pl. 30, fig. 9. 
*Ind. Journ. Med. Res. 16 (1928) 297-323. 
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ILLUSTRATIONS 


PLATE 1, PHLEBOTOMUS PHILIPPINHNSIS SP, NOV. 


Fic. 1. Female palpus (potash preparation mounted in Berlese's fluid). 

. Proximal portion of female antenna. 

. Distal portion of female antenna. 

Spermatheca (preserved in 5 per cent formalin). 

Junction of the two spermathecal ducts. 

Buccal armature, female (potash preparation, stained with carbol 

fuchsin). 

. Male genitalia (potash preparation); ed, ejaculatory ducts; вс, 
superior clasper; ps, proximal segment, superior clasper; ds, 
distal segment, superior clasper; т, macrochætæ; ic, inferior 
clasper; ia, intermediate appendage; s, spine of the interme- 
diate appendage. 

8. Last tarsal segments, hind leg, female (potash preparation, 

mounted in Berlese's fluid). 

9. Pheryngeal armature (potash preparation, stained). 

10. Denuded wing of female (potash preparation). 

11. Intermediate lobe of male genitalia (potash preparation); 1, main 
lobe; 2, middle lobe; 8, inferior lobe; s, Spine; io, intromittent 
organ. 

12. Chitinous duets in the “pompetta” and ejaculatory ducts. 
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A TAXONOMIC STUDY OF PSEUDOMONAS SUIS ISO- 
ES LATED FROM CROUPOUS PNEUMONIA IN SWINE: 


B By Grapys М. Woops 

Of the ‘Division of Veterinary Science, University of California, Berkeley 
SIX PLATES AND SIX TEXT FIGURES 
PSEUDOMONAS SUIS sp. nov. 

The microórganism concerned in the taxonomic study de- 
scribed in this paper was isolated in the Philippine Islands by 
Dr. William H. Boynton, who kindly furnished the following 
history. In June, 1916, an outbreak of suspected swine plague 
occurred in hogs owned by the Philippine Vegetable Oil Com- 
pany, jüst outside of Manila. The loss was heavy; it was | 
estimated that of about one hundred fifty hogs, the mortality 
reached 50 per cent. The affected animals showed marked 
emaciation, suggesting a chronic type of disease. The predomi- 
. nating lesions, upon autopsy of some of these hogs, were those 

of croupous pneumonia and pleurisy. Cultures made from 
lung tissue revealed a rodlike organism which proved to be 
motile, and, therefore, was not the swine-plague organism. A 
month later, three dead animals from the same herd were au- 
topsied, and lung lesions were found similar to those of the 
previous cases. The organism was, to all appearances, the same. 
Again, in 1918, a case occurred, in Alabang, Rizal Province, 
Philippine Islands. This case was а sow that had been im- 
ported from the United States. The lesions in this case, and 
the organism, were similar to those of the first outbreak. From 
another case, which was reported March 10, 1920, and suffered 
ап infection of Balantidium coli along with the pneumonia, the 
same organism was isolated as in the previous cases. The fact 
that the organism was isolated repeatedly suggested that it was 
the etiologic agent responsible for this pneumonic disease and 
the problem of determining its taxonomic relationship presented 
itself. 


* Submitted in partial requirement for the master's degree under the 
direclion of Dr. Karl F. Meyer, Department of Bacteriology, University 


of California, Berkeley. 5 
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The strain used in this work is a passage strain of one which 
was isolated from the first outbreak, and transferred from 
time to time on artificial media. А suspension of culture was 
first injected intravenously, December 9, 1918, into a hog which 
died within twenty-four hours, too soon for characteristic le- 


sions to develop. However, the organism was isolated from the „“ 


heart, lungs, liver, spleen, kidney, and lymphatics, but not fror“ 
the urinary bladder. А culture obtained from this anima! was 
inoculated into two guinea pigs August 27, 1923; the culture 
at that time was 4 years 8 months 17 days old. "These two gui- 
nea pigs died August 30, 1923, and the organism was recovered 
from the heart, lungs, liver, spleen, and urinary bladder. The 
hearts, lungs, livers, and spleens of these animals were fed to 
two hogs, 201—8 and 1, which died on the seventeenth and twenty- 
third days, respectively. The animals showed marked lung le- 
sions and necrotic foci in the liver and spleen. The organism 
was recovered from the hearts, lungs, livers, spleens, and kid- 
neys of these hogs. Strain 201-8 was given to me for study. 


MORPHOLOGICAL STUDY OF THE ORGANISM 


This organism is а small rod with either rounded or pointed 
ends; at times it is slightly curved and in old cultures it fre- 
quently appears almost coccoid. In length it varies from 1.2 
to 3.6 microns; in thickness, from 0.5 to 1.5 microns. There 
appears to be no chain formation. It stains readily with the 
ordinary aniline dyes, is discolored by the Gram method, and 
frequently shows bipolar staining. This latter characteristic 
was at first thought to be noticeable only in cultures several 
days old or in those freshly isolated from animals, but the 
same tendency has also been observed in ordinary twenty-four- 
hour transfers. The organism is not acid-fast and shows 
neither spores nor capsules. In twenty-four-hour cultures it 
is actively motile. There was some question as to whether the 
flagella were lophotriehous, but of those examined, the greater 
number were found to be monotrichous; the majority of those 
which showed flagella at both poles were observed to be dividing. 
The number of flagella varies from one to five (text fig. 1). 

Cultural characteristics—In general, the methods followed 
were those compiled in the Manual of Methods for Pure Culture 
Study of Bacteria. (1) 

Gelatin plates: White, pinhead colonies appeared on' the 
plates in forty-eight hours at room temperature, Microscopi- 
cally, these were granular in substance, recticulate-moruloid in 


x 


r 
/ 
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type, with a lobar-lobulate edge. In Seventy-two hours, de- 
pressions were observed around the colonies, indicating that 
liquefaction was taking place. Under the microscope, these 
colonies were shown to be disintegrating. They were less lobed 
in appearance and contained larger granules. 

Gelatin stab: After twenty-four hours, there was no growth 
along the line of stab. In seventy-two hours, growth developed 
at the surface of the medium with crateriform liquefaction. 
a ten days, the liquefaction deepened to the stratiform 

ype. 

Agar plates: The colonies appeared grayish white, round, 
smooth, translucent, rather glistening, and slightly raised, after 


Fic. 1. The swine-pneumonia organism, showing flagella. (After Pitfield.) 


twenty-four hours. In seventy-two hours, they became a dirty 
cream in color, opaque, and wrinkled, with an undulate edge. 
Microscopically, the colonies consisted of a browinsh yellow, 
nongranular substance with a small, central, brown, elliptical 
mass, and a very slightly undulate edge. After seventy-two 
hours, they appeared more granular, showed radial folds, and 
a more markedly undulate border. On agar which contained 
1 per cent glucose or 2 per cent glycerin and 1 per cent glucose 


the wrinkling or folding characteristic appeared a little earlier, ` 


in forty-eight hours. On agar containing defibrinated horse 

blood, the colonies had a similar appearance, and hemolysis of 

the beta type occurred in rorty-eight hours. That this hem- 
248012——-6 
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olysis is due to some other agent than a true hemolysin is sug- 
gested by the fact that hzemolysis did not occur in cultures grown 
in yeast-infusion media containing blood. "То substantiate the 
hypothesis that agents other than a true hemolysin may be re- 
sponsible for hemolysis, there is the report of Orcutt and 
Howe(2) that the hemolytic action of a staphylococcus was due 
to a fat-splitting enzyme. 

Agar slant: Abundant, whitish, glistening, translucent growth 
appeared in twenty-four hours. It did not assume a wrinkled 
appearance unless glucose or glycerin and glucose were pres- 
ent in the medium. Then the growth was cream-colored and 
dry, with folds around the margin; later the entire streak ap- 
peared wrinkled. This is more characteristic of cultures 
freshly isolated from animals than of transfer cultures, On cul- 
tures a month old or older the growth frequently assumed a 
slightly brick-red coloration; and a not unpleasant yeastlike 
odor is characteristic of cultures that have stood for such a 
period of time. 

Agar stab: А smooth, rather dirty, glistening, slightly raised 
growth appeared on the surface of the medium, Along the line 
of stab, growth was of the echinate type. 

Bouillon: After twenty-four hours, uniform turbidity was 
observed; there was a thin white surface біт and a slight 
amount of sediment. In bouillon containing glucose or gly- 
cerin and glucose a heavy wrinkled pellicle appeared. Upon 
shaking, the pellicle broke up and sank to the bottom of the tube; 
after twenty-four hours, a pellicle reappeared at the surface. 

Peptone solution: In 1 per cent peptone water there was 
turbidity and a surface film in twenty-four hours. No stalactite 
formation could be observed after six days in cultures grown 
in peptone solution covered with a layer of oil. 

Potato culture: Fairly abundant, smooth, rather moist, cream- 
ish to yellow-brown growth appeared in forty-eight hours. On 
potato medium to which 5 per cent glycerin had been added, 
£rowth was yellowish brown and dry. 

Physiological characters.—Endo medium: Colonies were gray, 
rounded, and translucent in twenty-four hours. They appeared 
reddish in forty-eight hours, due possibly to alkali rather than 

. acid formation, since in lactose broth medium the hydrogen-ion 
concentration changes from Py 7.2 to Py 7.8 in forty-eight hours. 

Brilliant green agar: In twenty-four hours, colonies appeared. 
They were yellow and the surrounding medium was partially 
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changed to yellow, indicating reduction of the dye. Colonies 
became a dirty yellow in seventy-two hours. The dye apparently 
had no inhibitive effect upon the growth of the organism. 

Litmus lactose agar: Gray colonies appeared in twenty-four 
hours. No change in color was produced upon further incuba- 
tion. 

Conradi-Drigalsky agar: Grayish blue colonies were observed 
in twenty-four hours. 

Neutral red agar: Colonies in twenty-four hours were pink. 
In forty-eight hours the colonies became yellowish brown, in- 
dicating reduction of the dye. 

Litmus milk: The medium was decolorized in forty-eight hours, 
showing that reduction of the litmus had taken place. Within 
seventy-two hours, the milk was coagulated. Peptonization oc- 
curred and the medium tended to become alkaline in fourteen 
days. Plain milk with a Py of 6.0 at the time of inoculation 
changed to Py 8.0 within fourteen days. 

Indol was not produced in Dunham's peptone solution. 

. Production of hydrogen sulphide could not be observed in 
lead acetate medium after seven days. у 

Nitrites were produced, but no gas, in рербопе solution con- 
taining nitrate. 

Enzyme action: No diastatic action was produced on starch 
agar plates. 

Gelatinase was demonstrated in gelatin culture filtrate. It 
produced liquefaction of gelatin within thirteen to twenty days. 

Fermentation cf carbohydrates: The medium used was а 1 
per cent solution of Witte's peptone to which 1 per cent of 
each carbohydrate was added. This afforded more-delicate re- 
sults than a broth medium. The reactions are shown in Table 1. 

It will be seen from Table 1 that only two of the hexoses, 
dextrose and galactose, were definitely fermented. There was 
some slight degree of acidity in arabinose and a slighter degree 
in mannose, maltose, mannite, dulcite, and glycerin; but this 
changed back towards the alkaline side, 

Gas production has never been observed in any of the car- 
bohydrates. 

Oxygen requirements: Agar shake cultures showed growth 
only on the surface of the medium. Bouillon cultures, grown 
anaérobically by Wright’s method of using pyrogallic acid and 
potassium hydroxide, appeared to grow rather abundantly, but 
slant cultures grown by this same method were scanty. This 
would indicate that the organism is facultatively anaérobic. 
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TABLE 1—Fermentation of carbohydrates. 


(The minus sign indicates а higher acidity than Ри 4.7. No buffer with a Pg value lower 
than 4.7 was available] 


Py value. 


A Strain 3912 (guinea-pig passage 
Carbohydrate. Ри be Strain 201-8. strain of 20178]. 

fore ino- 
culation- | 24 48 
hours, | hours. 


4 
5 days. 10 days | nura, | hours, |5 daya 10 daya! 


1.2 5.8 5.0 4.7] —4.7 6.2 6.3 | —4.7 | -€.7 


Dextrose... 
Levulose. 7.4 7.2 7.0 7.2 7.6 7.2 7.0 7.2 7.6 
Galactose 7.4 8.0 5.0] —4.7 | —4.7 6.6 5.8 | —4.7| —4.9 | 
: Mannose......... 7.4 7.0 6.6 6.6 т.4 1.0 6.6 6.8 7.2 | 


Snccharose........ 7.2 T.2 7.2 7.6 8.0 7.2 7.4 7.8 8.2 
Maltose. .. 7.2 7.0 6.6 6.8 7.4 7.0 6.6 6.6 6.8 
1.2 1.2 1.0 1.0 1.6 7.2 7.2 7.4 7.6 
7.2 7.0 6.6 6.2 7.0 6.8 6.6 6.0 6.6 
7.2 1.2 7.2 7.2 7.6 7.0 7.0 7.2 7.6 
7.2 7.2 7.2 7.4 8.2 7.2 7.2 тв 8.2 
7.2 1.0 6.8 6.8 7.4 7.0 6.8 6.8 7.4 
7.4 1.2 6.8 6.8 1.6 6.8 6.6 6.6 7.4 
7.4 7.2 6.8 7.0 1.4 7.0 6.8 6.8 7.4 


Glycerin.... 


Temperature requirements: In this experiment 0.01 cubic cen- 
timeter of broth culture containing approximately 10,000 organ- 
isms was inoculated into a series of tubes containing 10 cubic 
centimeters of beef extract broth, Pg 7.4. These tubes were 
incubated at four temperatures, 0, 21, 39, and 42 to 45° C., for 
twenty-four hours. At the end of this time, 0.01 cubic centi- 
meter was diluted in 10 cubic centimeters of physiological saline 
and 0.01 cubic centimeter of this suspension was plated. Colo- 
nies on the plates were counted following a forty-eight hour 
ineubation. The results obtained are shown in Table 2. 


TABLE 2.—Optimum temperature for growth. 


Colonies per 
е cubic 
с. centimeter. 
0 50,000 
21 50,000 
39 111,500,000 
42-45 30,500,000 


Table 2 suggests that the optimum temperature is near 37* 
C., or body temperature. 

Hydrogen-ion requirements: The general method used in the 
determination of the optimum hydrogen-ion concentration for 
growth was the one outlined by Schoenholz and Meyer.(3) Salt- 
free bouillon was used to which varying amounts of acid, alkali, 
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and buffer solution were added to give reactions ranging from 
Py —5.0 to Py 8.6. Into each tube of this series containing 5 
cubic centimeters of a definite Pg value, 0.1 cubic centimeter 
of а 1 : 10,000 dilution of twenty-four-hour culture was inocu- 
lated. After twenty-four hours incubation, these cultures were 
plated; the inoculum was 0.1 cubic centimeter of a 1: 100,000 
dilution. The plates were counted following a twenty-four hour 
ineubation period. The results are given in Table 3. 


TABLE 3.—Optimum hydrogen-ion concentration for growth. 


[—5.0 means beyond Рн 5.0 in the acid Tange. No indicator solution with a Pa value of less than 
5.0 was available.) 


Рр of medium. Py of medium, 
- Number of colonies in Number of colonies in 
24 hours in 1.0 eubic centi- h 24 hours in 1.0 cubic centi- 
Before |24 hours meter. Betore er meter, 
inocula- |; la inocula- | ;nocula- 
Чоп. | "gon Чоп. | "Gone 
АА 
—5.0 5.1 21,000,000,000 6.9 6.9 7,100,000,000 
5.1 5.8 12,760,000,000 7.1 7.1 6,130,000,000 
5.7 5.9 53,990,000,000 7.3 7.3 6,100,000,000 
5.9 6.0 40,830,000,000 7.5 1.6 4,200,000 „000 
6.1 6.3 59,500,000,000 7.7 7.7 2,860,000,000 
6.8 6.4 8,160,000,000 7.9 1.9 820,000,000 
6.5 8.6 16,200,000,000 8.2 8.2 10,000,000 
5.7 6.7 11,060,000,000 8.6 8.6 None 
М 


It will be noted in Table 3 that the numbers of colonies 
counted for certain hydrogen-ion concentrations do not show a 
proprotional inerease or decrease, but repeated tests showed 
the same discrepancies which are probably due to difficulties 
in breaking up clumps of bacteria held together by their flagella. 
The logarithms of the numbers of colonies are plotted as or- 
dinates (text fig. 2) against the hydrogen-ion concentrations as 
abscissæ, to obtain the growth curve, which demonstrates that 
the organism prefers the acid range and that the optimum point 
is about Pj 6.1. 

PATHOGENICITY 


No experiments on hogs were carried out in the United States. 
Aside from the apparently natural infection in swine, Boynton, 
as was mentioned in the history of the present strain, was 
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Fic. 2. Growth curve of the organism, g 


able to transmit the disease to a hog by intravenous inoculation 
of a suspension of culture. Death of the animal occurred with- 
in twenty-four hours, too rapidly for lesions to develop. The 
‘organism was isolated from the liver, spleen, heart, lungs, and 
lymphatics. Two hogs, 201-8 and 1, were fed the hearts, lungs, 
livers, and spleens of two infected guinea pigs and they died 
on the sixteenth and twenty-second day, respectively, following 
the feeding. The temperature curves of these animals were 
given to me to examine and are reproduced in text fig. 3, 


Fic, 3. Temperature curve of two hogs which were fed livers, hearts, spleens, and lungs of 
two guinea pigs infected with the swine-pneumonia organism, S0-VIII-23. 
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Among the laboratory animals this organism is pathogenic 
to rabbits, guinea pigs, and mice. It is Strongly virulent for 
these species, especially for rabbits, and the virulence does not 
appear to change appreciably. Rats may be susceptible to а 
slight degree. Pigeons are sometimes affected. The single chic- 
ken tested failed to show infection. The pathogenie effects 
upon these species will be discussed in the order they are named. 

In rabbits, infection was established by the three routes tested, 
as shown in Table 4. | 

The smallest dose tested was an attempt to immunize by 
means of an unattenuated vaccine. This dose was 0.1 cubic 
centimeter of a 1: 100,000 dilution of broth culture and it con- 
tained approximately 33,600 organisms per cubic centimeter. 
It was administered subeutaneously and killed the rabbit in six 
days. . 


TABLE 4.—Pathogenicity experiments on rabbits. 


Route of Post-mortem Bacteriological 
infection. Dosage. Result, findings. findings. 


Intravenous; | 0.2 cubic centimeter of | Died in | Engorgement of | Organism recov- 
animal 1. saline suspension of twenty spleen. ered from heart 
agar culture: 3-IX-24. hours. blood, lung, li- 
ver, spleen, kid- 
ney, portal 
lymph gland, and 
bone marrow. 


Subcuta-| 0.4 cubic centimeter of | Died in | Necrotic foci in Organism recov- 


neous; ani- same suspension: forty- liver and ered from heart 
mal 2. 3-IX-24, eight spleen. In- blood, tung, liver, 
hours. flammation spleen, kidney, 
at point of Portal and sub- 
injection. maxillary lymph 
glands, and bone 

marrow, 


Subcuta-| 0.5 cubic centimeter of |.. до.- -| Necrotic foci in | Organism recov- 


neous; апі- 1-10 dilution of saline liver and ered from heart 
mals 8 and suspension of agar cul- spleen. Slight blood, liver, and 
4 ture; Gates reading hemorrhage spleen. 
2.1: 15-IV-25. and abscesa 
|: formation 
nt point of 
injection. 
Subeuta-| 0.1 cubic centimeter of | Died in | Necrotie foci in | Organism recov- 
neous; ani- 1:100 dilution of broth three spleen, liver, ered from lung 
mal б. culture containing days. and lungs. and spleen. 


approximately 
` 83,600,000 organisms 
per cubic centimeter: 
5-XII-25. У 
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TABLE 4.—Pathogenicity experiments on rabbits—Continued. 


te of Post-mortem Bacteriological 
infection. Donage. Result, findings. findings. 


Oral; animal | .01 cubie centimeter of | Died two | Necrotie foci in | Organism recov- 


6. 1:10 dilution of broth days ві- lungs and ered from heart 
culture containing ter last splen. Few blood, lung, liver, 
approximately feeding. foci in liver, and spleen. 


336,000,000 organ- 
isms per cubic centi- 
meter: 5-Х11-26. 


.5 cubie centimeter of 
1:10 dilution of broth 
culture containing 
approximately 
836,000,000 organ- 
isms per cubic centi- 
meter: 12-Х11-26. 

cubic centimeter of 
1:10 dilution of broth 
culture containing ‘ 
approximately 

336,000,000 organ- 
isma per cubic centi- 
meter: 19-XTI-26. 


е 


= 


2 cubic centimeters of 
1:10 dilution of broth 


culture containing 
approximately 
336,000,000 organ- 
isms per cubic centi- 
meter: 24-Х11-26. 


The symptoms produced are rise in temperature and loss of 
weight. The increase in temperature occurs usually on the 
following day and remains continuous until the animal suc- 
cumbs. (The temperature kept on a fed rabbit failed to rise. 
Since it remained normal and the animal did not continue to 
lose weight, these records were discontinued. On the thirty- 
third day, however, the animal was found moribund.) A 
typical case is shown in text fig. 4; the decrease in weight is 
also indicated. Rabbits which survive several days lose their 
appetite and become greatly emaciated. Toward the last, labored 
breathing is sometimes noticeable. 

Post-mortem examination, as indicated in Table 4, revealed 
no change except slight engorgement of the spleen in an animal 
which succumbed to an intravenous dose of culture within twenty- 
four hours. In cases which survive forty-eight hours, the liver 
and spleen are studded with necrotie foci. Animals that live 


ні іо aaa D | 
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longer than forty-eight hours 
usually show necrotic foci in the 
lungs. The longer they survive 
the more pronounced are the le- 
sions, especially in the lungs 
and spleen. The foci protrude 
slightly on the surface of these 
organs and, on the cut surface, 
appear as spherical masses about 
1 millimeter in diameter. In 
one case, definite enlargement of 
the spleen was observed. Ne- 
crotic foci were observed only 
once in the kidney; this was 
in a chronic case, The area 
around the point of inoculation 
frequently appears hæmorrhagic 
and shows abscess formation. 

Bacteriological examination 
shows the organism to be almost 
invariably present in the liv- 
er and spleen. It is generally 
found also in the lungs and heart 
blood, to a less degree in the kid- 
ney, and it has been isolated once 
from the testicle, uterus, urinary 
bladder, and submaxillary lymph 
gland; and twice from the portal 
lymph gland and bone-marrow. 

Table 5 shows that guinea pigs 
were infected by the subcutane- 
ous and oral methods, and in 
three cases by smearing the nos- 
trils with a swab dipped in a sus- 
pension of twenty-four hour 
agar culture. 


Fic. 4. Temperature curve of a rabbit 
which received subcutaneously 0.2 cubic 
centimeter of a 1:10 dilution of 16-hour 
broth culture containing approximately 
85,000,000 organisms, 4-XII-26. 


The effect of the organism upon these animals is much the 
same as upon rabbits. Rise of temperature and loss of weight 
are the chief symptoms noted, as text fig. 5 indicates. The 
effect of small doses is a more chronic type of infection, and 
this ‘was best illustrated in the guinea pig. Inappetence and 
emaciation occur. In some cases, inflammatory changes in the 
eye have been observed, in which a cream-colored, purulent 
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Ею. 6. Temperature curve of two guinea pigs inoculated by smearing their nostrils with 
в swab dipped in a broth suspension of a 24-hour agar culture, 25-VIII-26. 
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discharge forms, exudates, and becomes encrusted. The eye 
becomes sensitive to light and finally closes. Abscesses oceur 
at and near the point of injection, later becoming open ulcers, 
and metastases may develop (Plate 1); and occasionally the hind 
legs drag. In the last stages, respiration becomes very labored 
and distinctly audible. 

Post-mortem examination Shows the same type of necrotic foci 
as found in the rabbit. The foci occur in the liver and spleen 
and then in the lungs (Plates 2, 8, and 4). In chronic cases, the 
foci are more numerous and more pronounced, as in the rabbit. 
The spleen usually becomes enlarged to about twice its normal 
size; the lungs show hepatization and foci 1 to 1.5 millimeters 
in diameter. These characteristic necrotic Spots were observed 
only once by me in the heart and kidney, although Boynton 
reports finding them previous to this work. Abscesses occur- 
ring at the point of inoculation and in the inguinal glands may 
measure 1 to 2 centimeters in diameter. In one case, an ab- 
scess about 1 centimeter in diameter was found in the pectoral 
gland above the point of injection. Orchitis has occurred in a 
few instances. 

TABLE 5.—Pathogenicity experiments on guinea pigs. 


Route or Dosage. Result. Post-mortem findings. Bacteriological | 
Subcutaneous; 0.4 cubic centime- | Died in | Inflammation at point of | Organism гесоу- 
animals ter of saline sus- seventy- injection. Neerotie ered from 
8911 and pension of agar two hours. foci in lungs, liver, and lung, liver, 
3912, culture from spleen. Foci in heart spleen, kidney, 
201-8: 21-VIII-| and kidney of 3911. and urinary 
24. bladder. Also 


from heart 
blood of 3911. 


Subcutaneous;| 0.4 cubic centime- | Killed mor- | Месгобіс foci in liver and Organism recov- 


animal 3. ter of saline sus- ibund in spleen. Inflammation ered from 
pension of eul- forty- at point of injection. heart blood, 
ture from 3911: eight lung, liver, 
3-IX-24. hours. spleen, kidney, 


urinary blad- 
der, and bone- 
marrow. 


Subeutaneous;| 0,5 cubie centime- | Died in | Spleen enlarged to twice | Organism recov- 
animal ILD| ter of a 1:100,- eight normal size. Numer- ered from 
000 dilution of days, ous necrotie foci in heart blood, 
broth culture spleen and liver, Ог- lung, liver, 
containing chitis present. Ab- spleen, and 
17,600 organ- acesses at point of testicle, 
isms per cubic injection (left) and in 
centimeter: right inguinal gland. 
11-1-27. Pronounced lesions 


in lungs. 
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TABLE 5.—Pathogenicity experiments on guinea pigs—Continued. 


Route of 
infection. 


Dosage. 


Result. 


Post-mortem findings. 


Bacteriological 
findings. 


Subcutaneous; 
animal 2LD: 


Subcutaneous, 
animal 3LD| 


0.1 cubic eentime- 
ter of а 1:10,000 
dilution of same 
culture (176,000 
organisms per 
cubic centime- 
ter). 

0.5 cubic centime- 
ter of 1:10,000 
dilution, 


Subeutaneous;| 0.1 cubic centime- 


animal 4LD| 


ter of 1:1,000 
dilution 
(1,760,000 or- 
ganisms per cu- 
bic centimeter). 


Subeutaneous;j 0.5 eubic centime- 


anima! BLD) 


Subcutaneous; 
animal 6LD| 


ter of 1:1,000 
dilution. 


0.1 cubie centime- 
ter of 1:100 
dilution 
(17,600,000 or- 
ganisms per си- 
bic centimeter). 


Died in 
eight 
days. 


Died in 
eighteen 
days. 


Died in 
seven 
days. 


Died in 
twenty- 
five days. 


Died in 
nine days. 


Pronounced lesions in 
lungs, liver, and spleen. 
Spleen enlarged to 
twice normal size. 
Abacesses at point of 
injection (left) and 
right inguinal gland. 

Gray hepatization and 
few necrotic foci in 
lungs.  Necrotic pat- 
ches in liver and pro- 
nounced foci in spleen. 
Spleen enlarged to 
twice normal size. 
Abscess about 2 cm. 
in left inguinal gland; 
abscess about 1 cm. in 
pectoral gland. Тез 
ticles atrophied. Peri- 
carditis, 

Pronounced necrotic le- 
sions in lungs. Few 
foci in liver and spleen. 
Abscess about 0.5 em. 
near testicle. Some 
orchitis present. 

Red  hepatiration in 
lungs. Abscesses 
about 0,5 and 1 cm. in 
liver. Месгойс foci 
in spleen. Spleen 
enlarged to twice nor- 
mal size. Abscess in 
left inguina! gland 3 
cm. in diameter. Ab- 
scess 2 cm. in diameter 
in renal glands. 


Numerous foci in liver. 
Pronounced lesions in 
lungs. Spleen en- 
larged to twice normal 
size. Oldabsces 
about 1 em. jn dia- 
meter at point of in- 
jection. Abscess in 
left inguinal gland 
about 2 ст. in diame- 
ter. 


Organism recov- 
ered from 
lung and 
spleen. 


Organism recov- 
ered from 
heart — blood, 
lung, li ver, 
spleen, testi- 
cle, and ingui- 
nal gland. 


Organism recov- 
ered from 
heart blood, 
lung, liver, 
and spleen. 


Organism recov- 
ered from 
heart blood, 
lung, liver, 
spleen, ingui- 
nal and renal 
glands. 


Organism recov- 
ered trom 
lung, liver, 
spleen, kidney, 
abscess, and 
intestine. 
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TABLE 5.—Pathogenicity experiments on guinea pigs--Continued, 


Route of 
infection, Dosage. 
Nasal smear; | Nostrils smeared 
animal IN. with swab dip- 


ped in 1:10 di- 
lution of saline 
suspension of 
agar culture; 
Gates reading 
2.1: 23-1V-25. 
Re-inoculation 
with suspension; 
Gates reading 
3.0: 30-ГУ-25. 


Nasal smear; | Nostrils smeared 


animal 11N with swab dip- 

ped in broth 

suspension of 

= ager culture: 
25-VIII-26. 


Nostrils smeared 
with awab dip- 
ped in broth 
suspension оѓ 
agar culture: 
25-VIII-26. 


Nasal smear; 
animal 12N 


9.01 cubic centi- 
meter of 1:10 di- 
lution of broth 
culture: 8-I-26: 

0.05 cubic centi- 
meter: 16-I-26: 

0.1 eubie centime- 
ter: 23-1-26: 

9,6 cubic centime- 
ter: 6-11-26. 


0.02 cubic centi- 
meter of 1:10 di- 
lution of broth 
culture: 8-I-26: 

0.08 cubic cen 
meter: 16-1-26: 

0.1 cubic centime- 
ter: 23-1-26: 

0.5 cubic centime- 
ter: 6-II-26: 

0.6 cubic centime- 
ter: 19-11-26: 

0.5 cubic centime- 
ter: 27-11-26. 


Oral; animal 
4F. 


Oral; animal 
БЕ. 


Кезш. 


Died 
twenty- 
one days 
after re- 
inocula- 
tion. 


Died in 
eight 
days. 


Died in 
ten days. 


Killed mor- 
ibund 
eight 
days af- 
ter the 
last feed- 
ing. 


Post-mortem findings. 


Pronounced neerotie le- 
sions in lungs. Few 
foci iu liver; one large 
focus about 6 mm. in 
diameter. Pronounced 
lesions in spleen. 


Congested | pneumonic 
areas in lungs. Very 
few necrotie foci in 
spleen. | Few foci in 
liver and one small 
necrotic area. 


Congested areas through- 
out lungs and few 
necrotie foci. 
ous fociin spleen and 
some enlargement of 
spleen. Numerous 
foci and few necrotic 
areas in liver. 

Spleen enlarged to twice 
normal size. Pro- 
nounced necrotic le- 
sions іп spleen. Very 
few foci in lungs. 


Necrotic lesions in lungs. 
One necrotic focus 
about 1 by 1 cm. in 
diameter and numer- 
ous pin-point foci in 
liver. Small abscess 
аб sternum. Косі in 
spleen and some en- 
largement of spleen. 
Orchitis present. 


— —— 


Numer-, 


Bacteriological 
findings. 


Organism recov- 
ered from 
lung, liver, 
and spleen, 


Organism recov- 
ered from 
liver. 


Organism гесоу- 
ered from 
heart blood 
and spleen. 


Organism гесоу- 
ered from 
spleen. 


Organiam recov- 
ered from 
spleen and li- 
ver. 
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TABLE 5.—Pathogenicity experiments on guinea pigs—Continued. 


ео Dosage, Result. Post-mortem findings. Ва оне 


Oral; animal | 1 cubie centime- | Died thir- | Congestion of lungs. | Organism recov- 


8F. ter of serum teen days Several necrotic foci ered from 
from 2F (a fed after last in apleen, Numerous spleen, lung, 
guinea pig—to feeding. foci in liver. and liver. 


be discussed un- 
der Immuno- 
logy): 23-IV-26: 
0.02 cubic centi- 
meter:29-IV-26: 
0,6 cubic centime- 
ter: 7-V-26: 
0.1 cubic centime- 
ter: 14-V-26: 
0.2 cubic centime- 


ter: 3-VI-26: 
0.5 cubie centime- 


ter: 10- VI-26: 
0.5 cubic centime- š 
ter: 1-VII-26: 
0.5 cubic centime- 
ter: 9-VII-26: 
0.5 cubic centime- 
ter: 16-VII-26: 
0.75 cubic centi- 
meter: 23-VII- 
26. 


Oral; animal | 0.01 cubic centi- | Died four | Necrotic areas in spleen | Do. 
10F. meter of 1:10 di- days af- and some enlargement. 
lution of broth ter last | Косі in liver and lungs. 
culture—Strain feeding. 
2F: 23-IV-26: 

0.02 cubie centi- 
meter: 1-V-26: 

0.06 cubic centi- 
meter: 7-V-26: 

0.1 eubie centime- 
ter: 14-V-26: 

0.6 cubic centime- 
ter: 8-М1-26: 

1 cubic centime- 
ter: 10-У1-26. 


The bacteriological findings in the guinea pig are practically 
the same as those in the rabbit. 

The subcutaneous and feeding methods were tested on white 
mice with almost as fatal results as were produced in the two 
species already discussed. The effects of these methods are 
shown in Table 6, 
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TABLE G.—Pathogenicity experiments on mice. 
Route of Post-mortem Bacteriological 
infection. Dosage, Result, findings. findings. 
pa | — — — — 
Subcutaneous; 0.01 cubic centime- | Died in Numerous necrotic | Organism тесоу- 
animal 1. ter of 1:2 dilution three foci in liver. Ne- ered from heart 
of saline suspen- days. erotic foci in blood, lung, li- 


sion of agar eul- 
ture: 18-XII-24. 
Subeutaneous;| 0.1 cubic centimeter 
animal 2. of 1:2 dilution of 
saline suspension 
of agar culture: 
18-XII-24. 
Oral; animal | 0.01 cubic centime- 
3. ter of 1:2 dilution 
of saline suspen- 
sion of agar cul- 
ture: 18-XII-24. 
Oral; animal | 0.1 cubie centimeter 
4. of 1:2 dilution of 
> saline suspension 
of agar culture: 
18-Х11-24. 
Subeutaneous;| 0.1 cubic centimeter 


animal 5. of а 1:100 dilution 
of saline suspen- 
sion of agar cul- 
ture; Gates read- 
ing 1.2: 28-11-25. 
Subeutaneous;! 0.05 cubic centime- 
animal 6. ter of а 1:10 dilu- 
tion of same sus- 
pension. 
Subeutaneous;| 0.1 cubie centimeter 
animal 7. of a 1:10 dilution 
of same suspen- 
sion. 
Oral; animal | 0.1 cubic centimeter 
В. of 1:100 dilution 
of same suspen- 
sion. 
Oral; anima! | 0.05 cubic centime- 
9. ter of a 1:10 dilu- 
tion of same sus- 
pension. 


Died 
four 
days. 


in 


Died 
three 
days. 


in 


Died in 
nine days. 


Died in 
four days. 


Eaten by 
other on 
third day. 


Died in 
eleven 
days. 


Died 
five days. 


in 


spleen. 


Necrotic foci in liver 
and spleen, 


Very few necrotic- 
appearing foci in 
lungs, Spleen 
enlarged and stud- 
ded with foci. 

Necrotic foci in liver 
and spleen, 


Very few necrotic 
appearing spots 
in tung. Few 
foci in liver. Pro- 
nounced foci 
spleen. 

Few necrotic foci 
in lungs. Nume- 
rous spota in liver. 
Pronounced 
crotic lesions in 
Bpleen. Abscess 


in 


ne- 


about 1.5 mm. on 
posterior aorta. 


One necrotic spot in 
tung. Pronounced 
foci in spleen and 
enlargement | of 
spleen. One ne- 
erotic lesion in 
liver. 

Very few necrotic 
foci in lungs. Nu- 
merous spots in 


ver, and spleen. 


Organism recovered 
{rom heart blood, 
lungs and 
spleen, 


Organism recovered 
from heart blood, 
lung. liver, 
spleen, and 
kidney, 

Organism recovered 
from heart blood, 
lung, liver, 
spleen, kidney, 
and testicle. 

Organism recovered 
from heart blood, 
lung, liver, and 
kidney. 


Organism recovered 
from heart blood, 
lung, liver, 
spleen, kidney, 
and urinary blad- 
der. 


Organism recovered 
from spleen. 


Organism recovered 
from heart blood, 
lung, liver, 


liver and nume- 
rous pronounced 
foci in spleen. 


spleen, and kid- 
ney. 
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TABLE 6.—Pathogenicity experiments on mice—Continued, 


i Route of 


infection. 


10. 


animal 11. 


animal 12. 


animal 13. 


Oral; 
14. 


18. 


16. 


Subeutaneous; 0. 


0. 


Dosage, 


Oral; animal | 0.1 cubic centimeter 


of a 1:10 dilution 
of same suspen- 
sion, 


Subcutaneous;| 0.01 cubic centime- 


ter of 1:10 dilu- 
tion of broth cul- 
ture containing 
52,000,000 organ- 
isms per cubic cen- 
timeter: 3-VI-26. 


Subeutaneous;| 0.02 cubic centime- 


ter of 1:10 dilu- 
tion of broth cul- 
ture containing 
52,000,000 organ- 
isma per cubic cen- 
timeter: 3-VI-26. 
05 cubic centime- 
ter of 1:10 dilu- 
tion of broth cul- 
ture containing 
52,000,000 organ- 
jams per cubic cen- 
timeter: 8-VI-26, 
006 cubic centime- 
ter of 1:10 dilution 
of broth culture 
containing 
52,000,000 organ- 
isms per eubie cen- 
timeter: 3-VI-26. 


Oral; animat | 0.01 cubic centime- 


ter of 1:10 dilution 
of broth culture 
containing 
52,000,000 organ- 
isms per cubic cen- 
timeter: 3-VI-26. 


Oral; animal | 0.02 cubic centime- 


ter of 1:10 dilution 
of broth culture 
containing 
52,000,000 organ- 
isms per cubic cen- 
timeter: 3-VI-26. 


Result. 


Died їп 
thirteen 
days. 


Died in 
twenty- 
two days. 


Died in 
twenty- 
one days. 


Died in 
four days 


Survived... 


Died two 
months 
later. 


Survived... 


Post-mortem Bacteriological 
findinga. findings. 


Lungs and liver nor- | Organiam recovered 
mal. Numerous from heart blood 
pronounced foci and lung. 
in spleen. Two 
abscesses about 3 
mm. in diameter 
along врта! co- 


lumn. 
Necrotic areas in | Organismrecovered 
lungs and spleen. from lung, liver, 


Very few foci in and spleen. 
liver. Necrosis 

at point of in- 

jection. 


Few foci in liver and | Organism recovered 
spleen. Lungs from hung, liver, 
normal. and spleen. 


Few foci in liver and | Organism recovered 
splen. Spleen from heart blood, 


enlarged to twice liver, and spleen. 
normal size. 
No їезіопя......_...) Organism not rec- 
overed. 
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TABLE 6.—Pathogenicity experiments on mice— Continued, 


„Коше of Post-mortem Bacteriological 
| infection. Dosage. Result. findings. findings. 
| 
Oral; animal | 0.05 cubie centime- | Killed; | Few necrotie foci in | Organism recovered 
17. ter of 1:10 dilution mor- liver. | Very few from heart blood, 
of broth culture ibund on spots in lungs. liver, and spleen. 
containing fifth day. Spleen normal, 


52,000,000 organ- 
isms per cubie cen- 
timeter: 8-VI-28. 


Loss of appetite and emaciation are the symptoms in mice. 
The post-mortem findings are similar to those in rabbits and 
guinea pigs, except that the spleen lesions seem to be more 
pronounced than those of the other organs, and the lungs do 
not show the characteristic foci as frequently as do those of the 
other two species. The bacteriological findings are similar also; 
the organism was isolated from the heart blood, lung, liver, 
Spleen, kidney, and urinary bladder. 

In two series of rats consisting of four and six animals, re- 
spectively, three of those which were fed culture died, but only 
one of these showed typical lessions and from only this one was 
the organism recovered. The effect upon these animals is shown 
in Table 7. 


TABLE 7.—Pathogenicity experiments on rats. 


Route of Post-mortem Bacteriological 
infection. Dosage. Resutt, findings. findings. 


Subcutaneous:| 0.02 cubic centimeter | Sick on follow- |... 
anima! 1. of а 1:10 dilution of ing day but 
twenty-four hour recovered. 
agar culture aus- 
pended in saline; 
Gates 1.2: 4-11-25. 
Subeutaneous’| 0.2 cubic centimeter |... CORNE раа ааа) 
animal 2. of а 1:10 dilution of 
twenty-four hour 
agar culture sus 
pended in saline; 
Gates 1.2: 4-11-25. 
Oral; animal | 0.1 cubic centimeter |..... Le ровом УККУН anos c 
3. of a 1:10 dilution of 
twenty-four hour 
agar culture sus 
pended in saline; 
Gates 1.2: 4-II-25. 
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TABLE 7.—Pathogenicity experiments on rats—Continued. 


infection. Dosage. 
Oral; animal | 0.8 cubie centimeter 
4. - of a 1:10 dilution of 
twenty-four hour 
agar culture sus 
pended in saline; 
Gates 1.2: 4-11-25. 
Subeutaneous;| 0.02 cubic centimeter 
animal 1A. of а 1:10 dilution of 
broth eulture— 
(7,000,000 orga- 
nisms per cubic сеп- 
timeter): 8-IX-26. 
Subcutaneous;| 0.05 cubic centimeter 
animal 2А. of а 1:10 dilution of 


broth eulture— 
(7,000,000 orga- 
nisms per cubie cene 
timeter): 8-IX-26. 
Subcutaneous; 0.1 cubic centimeter 
animal 3A. of a 1:10 dilution of 
broth eulture— 
(7,000,000 orga- 
nisma per cubic cen- 
timeter): 8-IX-26. 
Oral; animal | 0.02 cubic centimeter 
4А. of а 1:10 dilution of 
broth eulture— 
(7,000,000 orga- 
nisms per cubic cen- 
timeter): 8-1X-26. 
Oral; animal | 0.05 cubie centimeter 
БА. of a 1:10 dilution of 
broth culture— 
(7,000,000 orga- 
nisms per cubic cen- 
timeter): 8-IX-26. 


Oral; animal | 0.1 cubie centimeter 
6А. of a 1:10 dilution of 
broth eulture— 

(7,000,000 orga- 


nisms per cubic cen- 
timeter): 8-1Х-26. 


Result. 


Sick on follow- 
ing day. Died 
four days ві- 
ter feeding. 


Died five days 
after feeding. 


Died five days 
after feeding. 


Post-mortem 
findings. 


Congestion and 
necrotic foci 
in the lungs. 
Numerous 
foci in the li- 
ver. Spleen 
slightly no- 
dular. 


Lesions not ty- 
pical. 


Lesions not ty- 
pical. 


Bacteriological 
findings. 


Organism reco- 
vered from 
heart blood, 
lung, liver, 
and spleen, 
but not from 
kidney. 


Organism not re- 
covered. 


Organiam not re- 
covered. 


| 


Increasing doses were given at irregular intervals over a 
period of months. In the last attempt (Table 7) 1A was given 
subcutaneously 1.5 cubic centimeters of a twenty-four-hour 


—————— — "LC 
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agar culture suspended in saline; it contained approximately 
104,700,000 organisms per cubic centimeter. Subcutaneous 
doses of 2 cubic centimeters each, were given to 2A, and 3A 
and БА received 0.5 cubic centimeter per os. All the animals 
survived. 

The effect upon the one successfully infected rat corresponds 
to the effect described on the other species. The organism, as 
the table indicates, was isolated from the heart blood, lung, 
liver, and spleen, but not from the kidney. 

The results upon the seven Pigeons tested are given in 
Table 8. 

The two surviving birds were twice re-inoculated in the 
pectoral muscle with 2 cubic centimeters of a broth culture 
containing approximately the same number of organisms as in 
the previous dose. Only a slight loss of weight occurred. 
January 31, 1927, pigeon 5 was given intravenously a broth 
suspension of a twenty-four-hour agar culture; the number of 

‚ organisms present was approximately 677,600,000,000 per cubic 
centimeter. Pigeon 6, and an uninoculated bird, 7, were given 
0.5 cubic centimeter of the same suspension intravenously. 
Pigeon 6 lost weight, became emaciated, and developed a swell- 
ing about 1 centimeter in diameter over the right eye; a slight 
purulent discharge formed in the left eye. About two weeks 
after injection, it developed a local swelling about 0.5 by 0.8 
cubic centimeter under the scales of the right leg; later this 
became an open ulcer (Plate 5, fig. 1). This bird was killed 
March 4. Post-mortem examination showed a Strongly bile- 
pigmented liver and а mottled spleen. The lungs were normal. 
The eye lesion was filled with serous fluid. Neither pus nor 
serous fluid was observed in the leg lesion. Pigeons 5 and 7 
showed no indication of sickness. 

Pigeon 1 showed typical lesions. In spite of the fact that 
pigeon 2 showed complications, the lesions found were not un- 
like those produced by this organism. Pigeon 6 did not show 
characteristic lesions. It will be noted that the organism has 
been recovered from the heart blood, lung, liver, spleen, and 
kidney. In the case of pigeon 6, it was isolated from the eye 
lesion only. 

The methods of inoculation tested on a chicken are given in 
Table 9. 
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TABLE 8.—Pathogenicity experiments on pigeons. 


Route of 


infection. Dosage. 


Result. 


Bacteriological 
findings. 


Post-mortem 
findings. 


Subeutaneous;| 1 cubic centimeter of 
twenty-four hour 
agar culture sus- 
pended in saline: 
204X11-24. 

Needle dipped in sus- 
pension of agar cul- 
ture: 1-Х11-24. 


animal 1. 


Pricked in 
pectoral 
muscle. 


Subcutaneous.) 0.5 cubic centimeter 
of same аз above: 
20-XII-24. 


Pricked іп | 0.5 cubic centimeter 
pectoral of вате as above: 
muscle. 1-XII-24. 

Oral; animal | 3 cubic centimeters of 
2. agar culture sus- 

pended in saline: 
22-X11-24. 


Repeated feedings to 
test for bacterio- 
phage. 


No indication 
of sickness. 


Diarrhea. Died 
in three days. 


Diarrhea and 
difficulty in 
standing. 


Recovered. ..... 


No indication 
of sickness. 


7-I-25. 
Cankers ob- 
. served in the 
mouth. Bill 
was broken 
and was trim- 


med too clo- 
sely and bled. 
Dead 12-1-25. 
Intravenous; | 1 cubic centimeter of | Died in twenty- 
animal 3. twenty-four hour four hours. 
broth culture— 
(2,180,000,000 ог- 
ganisms per cubic 
centimeter): 3-XII- 
26. 

Intravenous; |...... Чо... -----------[----. do..... --- 
animal 4. 

Peet oral |...... 40. i oral sr. Slight loss in 
muscle in- weight. 
jection: 
animal 5. 


Pectoral |.-....do..-... 
muscle in- 


jection; 
animal 6. 


iau s ie 


Few necrotic | Organism гесоу- 
foci on liver. ered from 
Small nodules liver. 
and necrotie 
foci in spleen. 


Area of conges- 
tion and no- 


Organism recov- 
ered from 


dules in left lung, liver, and 

lung. Few spleen. 

purulent no- 

dules at point. 

of pricking. 

No lesions... Organiam recov- 

ered from 
heart blood, 


liver, spleen, 
and kidney. 


NM do.........| Organism recov- 
ered from 
heart blood, 
lung, liver, and 
spleen. 
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TABLE 9.—Pathogenicity experiments on a chicken, 


Method. Dose. Result. 


Subcutaneous.......... 0.4 cubic centimeter of a saline suspen- | No indication of sickness. 
sion of twenty-four-hour agar eul- 
ture; 18-XI-24. 


Oral... ERE 1 cubic centimeter of a saline suspen- Do. 
sion of agar culture; 20-X1-24, 
Do: essen 3.5 cubic centimeters of a saline sus- Do. 
pension of agar culture; 24-XI-24. 
Intraperitoneal.._...... 2 cubic centimeters of a saline suspen- Do. 


sion of agar culture; 2-XII-24. 


Toxin production.—Smith and Ten Broeck (4) report the pro- 
duction of toxin in filtrates of fowl typhoid bacillus grown for 
two days in a peptonized veal broth containing 0.1 per cent 
dextrose and to a less extent in beef broth. An attempt to 
demonstrate a toxin in two-day and fourteen-day cultures grown 
in meat-extract broth containing 0.1 per cent dextrose produced 
no effect but a slight loss in weight. By using hormone broth 
with a P of 8.0 to which а small amount of sterile blood was 
added, a forty-eight-hour culture filtrate was produced, which 
when introduced into the ear vein caused the death ої а rabbit 
within twenty-four hours. The dose was 1 cubic centimeter 
per kilogram of weight. Post-mortem examination showed 
marked distension of the subcutaneous blood vessels, and con- 
gestion and apparent hemorrhage of the subcutaneous lymph 
glands. The spleen was engorged and enlarged; the parenchy- 
ma on the cut surface was bulging and jamlike. Extensive 
mottled areas occurred in the liver; there appeared to be paren- 
chymatous degeneration. A slightly blood-stained exudate was 
present in the peritoneum. The lungs showed hypostatic con- 
gestion, and the thymus gland contained hemorrhagic spots. 

Twenty-three days after the first rabbit was inoculated, a 
second rabbit was given the same filtrate by the same route. 
A rise in temperature occurred within a few hours, but the 
temperature dropped to normal the following morning. A rab- 
bit receiving intravenously a fourteen-day culture filtrate in 
the same medium showed a rise of temperature within a few 
hours. In this case, also, the temperature dropped the follow- 
ing day. Loss of weight was observed in both cases. This 
seems to indicate that some toxin is produced. 
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PRELIMINARY NOTES ON IMMUNOLOGY 


The extreme virulence of this organism makes immunization 
a difficult problem and no real success has been obtained. 

Agglutinin production: Six normal rabbits were given in- 
travenous injections of a 1:5 dilution of forty-eight-hour cul- 
ture suspended in physiological saline containing 5 per cent 
formalin. The inoculations were made on three successive days, 
using a dose of 0.25, 0.5, and 1 cubic centimeter. A week later, 
the animals were bled and their serums tested for the presence 
of agglutinins. 

The results obtained are given in Table 10. 


TABLE 10.—Agglutination tests on rabbits." 


[Antigen: 1:5 dilution of stock saline suspension of forty-eight-hour culture containing 
5 per cent formalin] 


Serum dilutions, 
Donor of serum. 
1:10 | 1:20 | 1:40 | 1:80 | 1:160 | 1:320 | 1:640 
Rabbit МР ( ++ ++ ++ + = = = 
++ ++ | ++ + = = — 
Rabbit 2... АО ++ ++ ++ = = = — 
++ | ++ | ++ + = = = 
Rabbit 3... { ++ ++ ++ = = "E at 
++ | ++ | ++ + + x = 
Rabbit 4... ++ ++ ++ ++ ++ = N 
++ | ++ | ++ | ++ | ++ = = 
Rabbit Bu... { ++ 1 ++ ++ ++ = >o - 
++ | ++ | ++ | ++ = = = 
Rabbit 6... ++ ++ ++ ++ ++ = n" 
++ | ++ | ++ | ++ | ++ + = 


а First reading, after overnight incubation. 

Second reading, after twenty-four hours, standing at room temperature. 

— indicates no evidence of reaction, 

zt indicates slight sediment but supernatant fluid turbid. 

F indicates more sediment than +, but still a faint cloudiness in supernatant fluid. 

+ + indicates complete agglutination after overnight incubation. 

+ indicates incomplete agglutination after overnight incubation, but a clearing up of 
the fluid upon standing for twenty-four hours. 

To increase the titer of these serums, the animals were re- 
inoculated with the same doses at weekly instead of daily in- 
tervals. Rabbit 3 died after the first re-injection, and, because 
of a loss in weight, rabbit 5 was given only one re-injection. 
The tests following these injections gave the results shown in 
Table 11. 

It will be observed from this table that the highest definite 
titer obtained is 1: 320, indicating that agglutinin production is 
not very strong. 


TABLE 11.—Results of repeated inoculations to increase the titer of agglutination serums. 


(Antigen: 


— LÀ 


Эопог of serum. 


1:50 dilution of stock saline suspension of forty-eight-hour culture containing 5 per cent formalim., 


Serum dilutions, 


1:10 | 1:20 | 1:40 | 1:80 | 1:100 | 1:120 | 1:160 | 1:200 | 1:240 | 1:320 
TEN SSR  < | | 
ee N { ++ | ++ | ++ | ++ | ++ | ++ | ++ + + = 

++ | ++ | ++ | ++ | ++ | ++ | ++ + = ж 

1:10 1:20 1:40 1:80 1:160 | 1:200 | 1:240 | 1:320 | 1:400 1:480 | 1:640 | 1:800 | 1:950 | 
TE TR "S {tF ++ | ++ ++ | ++ | ++ | ++ | x | + = |= 

++ | ++ | ++ ++ | + | ++ | ++ = + = = 
AMENS RUNE. ++ | ++ | ++ ++ | ++ | ++ | ++ | = = = - 

++ | ++ | ++ ++ | tt | ++ | ++ + + + T 
pompe P: ( ++ | ++ | ++ ++ | ++ | ++ | ++ + = = =, Se 

++ | ++ | ++ ++ | ++ ++ | ++ = ж ж = dee 

1:10 1:20 1:40 1:80 | 1:160 1:320 | 1:649 | 1:1280 
pee e rel, Md [Б ++ | ++ | ++ | ++ [++ 

++ | ++ | ++ ++ | ++ | ++ 
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The rabbits used for agglutinin production were tested with 
living cultures to find out whether there was any immunity 
present. This experiment was carried out almost two months 
after the last injection of killed culture, but the serums tested 
previous to this time showed practically the same titer. The 
results obtained are shown in Table 12. 


TABLE 12.— Tests for immunity in rabbits in which agglutins were present. 


iut Dosage. Reame | Рат | Берш 

Intraveneous; | 0.6 cubic centimeter | Died in | Numerous necrotic | Organism recov- 

animal R-1{ of 1:100 dilution forty- foci in liver and ered from heart 
of broth culture eight spleen; one necro- blood, liver, 
containing hours. tic spot in the spleen, and kid- 
85,000,000 organ- lung. ney. 
isms per cubie cen- 
timeter. 

Subeutaneous;| 0.5 cubic centimeter | Di ed in | Necrotie foci in liver | Organism recov- 

animal R-2.| of broth suspen- seventy- and spleen. ered from heart 
sion. two hours.) blood, lung, liver, 
spleen, and ute- 

rus. 

Subeutaneous;| 0.2 cubic centimeter |...do.......|..... PRESSE Organism recov- 
animal R-4| of broth suspen- ered from liver 

sion. and spleen. 

Oral; animal | 0.5 cubie centimeter | Died on | Necrotie foci in Organiam recov- 
R-5. of broth suspen- thirty- lungs, liver, and ered from spleen. 

sion. tourth spleen; very few 
day. in kidney. 

Oral; animal | 1 cubic centimeter | Survived..{.......... |... 
R-6. of broth suspen- 

sion. 

Subcutaneous;| 0.2 cubie centimeter | Died on | Typical lesions. Organism recov- 
animal7 of broth suspen- fourth ered from heart 
(control). gion. day. blood, lung, liver, 

spleen, kidney, 
testicle, and url- 
nary bladder. 


Table 12 indicates that only one rabbit of the series showed 
any immunity; since there was no control on the fed animal, 
this survival does not indicate much. 

An attempt to produce an unattenuated vaccine was aban- 
doned when it was discovered that 0.1 cubic centimeter of a 
1:100,000 dilution of broth culture was lethal for a rabbit. 

Repeated subcutaneous inoculations at one- or few-day in- 
tervals of a heat-killed suspension of culture were tried on a 
rabbit. Fourteen injections were given in one case. Eight 
days after the last injection, a lethal dose was given subcu- 
taneously and the rabbit succumbed in six days. This experi- 
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ment was repeated with a Suspension killed in 1 per cent 
trikresol. A week following the ninth injection, a living sus- 
pension was inoculated subcutaneously into the rabbit and the 
animal died in three days. 

An attenuated vaccine was prepared by grinding to a paste 
the livers and spleens of infected rabbits and diluting this with 
physiological saline containing glycerin to the amount of one- 
third its volume. The Pg of this glycerin-saline solution was 
7.8. Glycerin equivalent to one-third the total volume was 
then added and enough phenol to make a 0.5 per cent sus- 
pension in the mixture. 'The vaccine was heated in a water 
bath at 44 to 46? С, for three hours. Two guinea pigs were 
injected subcutaneously with 1 cubic centimeter doses at three 
successive weekly intervals. A week following the last inocul- 
ation, one of these animals was given a 0.2 cubic centimeter dose; 
the other, a 0.1 cubic centimeter dose of a 1: 100 dilution of twen- 
ty-four-kour agar culture suspended in saline. The two control 
guinea pigs received the same respective doses. All the animals 
died; apparently the vaccine had no effect. 

So-called artificial aggressins were prepared according to the 
method of Citron(5) by shaking aqueous and serous Suspensions 
of agar cultures for forty-eight hours, centrifuging, and preserv- 
ing the supernatant fluid. One rabbit received subcutaneously 
2.5 cubic centimeters of serous aggressin; one received 8 cubic 
centimeters of aqueous aggressin. On the thirty-second day, 
each animal, together with a control rabbit, was given a lethal 
dose of culture. The control and the rabbit receiving the serous 
aggressin died on the fourth day following injection. The rab- 
bit receiving the aqueous aggressin succumbed оп the fifth day, 
Showing that no immunity was produced. 

Experiments to produce immunity by feeding living cultures 
are shown in Table 13. 


TABLE 13.—Experiment to produce immunity in a guinea pig by feeding 
increasing doses of live bacteria. 
Animal 2-Е: 
Received 0.2 cubic centimeter of a 1 : 100 dilution of agar culture 
suspended in saline; 24-ХІ-25. 
Received 0.2 cubic centimeter of а 1:10 dilution of broth cul- 
ture; 5-XII-25. 
Received 0.1 cubic centimeter of a 1 : 10 dilution of broth culture; 
12-XII-25. й 
Received 0.1 cubic centimeter of а 1 : 10 dilution of broth culture; 
19-XII-25. 
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TABLE 13.— Experiment to produce immunity in a guinea pig by feeding 
increasing doses of live bacteria —Continued. 


Animal 2-F— Continued. 
Received 2 cubic centimeters of a 1 : 10 dilution of broth culture; 


24-Х11-25. 

Received 2 сибіс centimeters of а 1 : 10 dilution of broth culture; 
1-1-26. 

Received 2.5 cubic centimeters of а 1 : 10 dilution of broth culture; 
16-1—26. 


Received 0.5 cubic centimeter of undiluted broth culture; 23-1-26, 
Received 0.5 cubic centimeter of broth culture subcutaneously; 
6-11-26, 
Control: 
Received 0.5 cubic centimeter of broth culture subcutaneously; 


6-11-26. 


The control pig died in six days (Plata 5, fig. 2); and the fed 
animal acquired an abscess at the point of injection. It was re- 
inoculated with 1 cubic centimeter of broth culture twelve days 
after the first injection, became sick, and died nine days later. 
Autopsy showed an old abscess at the point of inoculation; an 
abscess about 1 centimeter in diameter was present in the ingui- 
nal gland, and very few necrotic foci were observed in the spleen. 
The organism was recovered from the inguinal abscess. 

The second attempt is given in Table 14. 


TABLE 14.—Ezperiment to produce immunity in a guinea pig by feeding 
inereasing doses of live bacteria. 
Animal 13: 
Received 0.2 cubic centimeter of broth culture (6,000,000 organ- 
isms per cubic centimeter); 26-VIII-26. 
Received 0.5 cubic centimeter of broth culture; 2-IX-26. 
Received 0.1 cubic centimeter of broth culture ; 7-IX-26. 
Received 0.2 eubic centimeter of broth culture; 16-IX-26. 
Received 0.5 cubic centimeter of broth culture; 23-IX-26. 
Received 1.0 cubic centimeter of broth culture; 30-IX-26. 
Received 1.5 cubic centimeters of broth culture; 7-Х-26. 
Received 2 cubic centimeters of broth culture; 14-X-26. 
Received 0.5 cubie centimeter of broth culture (540,000,000 or- 
ganisms per cubic centimeter) subcutaneously; 22-Х-26. 
Control: 
Received 0,5 cubic centimeter of broth culture subcutaneously; 
22-X-26. 


The control animal died six days after the injection. Guinea 
pig 13 developed a large abscess around the point of inoculation 
(Plate 6); it lived twenty-three days. Post-mortem findings 
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showed typical lesions in both pigs, and the organism was re- 
covered. The temperature curve for these animals is shown 
in text fig. 6. 

It appears from these experiments that а very low-grade 


t may be produced by feeding increasing doses of living 
culture. 


DISCUSSION 


The following bacterial incitants have been incriminated or 
associated with pneumonic lesions in swine: Bacillus suisep- 
ticus (Zinsser and Russell),(6) or Pasteurella suisepticus in 
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Fic, 6. Temperature curve of two guinea pigs which received subcutaneously 0.6 cubic 
centimeter of broth culture containing 540,000,000 organisms per cubice centimeter. 
Guinea pig 13 had previously been given oral doses of live bacteria in an attempt to 
immunize it. 

Bergey’s(7) classification, is the causative agent of swine plague, 

a disease very rarely encountered in the United States. Briefly, 

the organism is a short, oval, Gram-negative, bipolar, nonmotile 

rod, belonging to the hemorrhagic septicemia group. This 
same organism is looked upon as a secondary invader in hog 
cholera. 

In a similar manner, Bacillus suipestifer (Hutyra and Ma- 
rek),(8) or Salmonella suipestifer (Bergey),(7) is associated 
with hog cholera and has also been isolated from pneumonia 
in hogs. This organism is a motile rod, possessing peritrichous 
flagella; it is negative to Gram stain and belongs to the para- 
typhoid group. 
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In swine erysipelas, caused by Bacillus rhusiopathiae suis 
(Hutyra and Marek),(8) ог Erysipelothrix rhusiopathiae (Ber- 
gey);(7) inflammatory changes are also present. Bacillus rhu- 
siopathiae suis (Buchanan) (9) is а very slender rod with a 
tendency to form filaments; it is nonmotile, takes the Gram stain, 
and is grouped by Bergey in the genus Erysipelothriz. 

Swine are also susceptible to lung changes produced by the 
nonmotile, acid-fast tubercle bacillus, Mycobacterium tuberculo- 
sis (Вегкеу).(7) 

In enzoótic pneumonia, or so-called chronic swine plague, 
Hutyra and Marek(8) claim that а number of agents are in- 
volved. Aside from Bacillus suisepticus, which, though fre- 
quently present, is considered not to be the primary etiologic 
agent, Bacillus pyogenes suis has been found often. This, as 
the name indicates, is a pus-producing, weakly Gram-positive, 
slender, nonmotile rod (Hutyra and Marek).(8) The fluores- 
cent Gram-negative, motile rod, Bacillus pyocyaneus (Fseudo- 
топаз aeruginosa Bergey),(7) is associated with his disease, 
and the well-known colon bacillus, streptococci, and staphylococci 
have also been found. 


SUMMARY AND CONCLUSION 


Here is described a taxonomic study of a microórganism iso- 
lated by Dr. William H. Boynton from pneumonic lesions of 
hogs in the Philippine Islands. 

This organism was found to be a Gram-negative motile rod, 
measuring 1.2 to 3.6 microns in length, and 0.5 to 1.5 microns 
in thickness, and possessing 1 to 5 monotrichous flagella. This 
indicates that it belongs to the genus Pseudomonas. It liquefies 
gelatin; coagulates and peptonizes milk; produces neither indol 
nor hydrogen sulphide; reduces nitrates to nitrites ; produces 
acid but no gas in dextrose and galactose; produces a slight 
transcient acidity in mannose, arabinose, maltose, mannite, dul- 
cite, and glycerin, but no fermentation in levulose, saccharose, 
lactose, xylose, or dextrin. It is highly pathogenic for rabbits, 
guinea pigs, and mice, slightly so for pigeons, and very slightly 
pathogenic for rats. 

Unsuccessful attempts to immunize rabbits and guinea pigs 
are described. 

Since a search of the available literature (Bergey(7), Ches- 
ter(10), Migula(11), Levine(12)) failed to reveal an organism 
which corresponds with this one, apparently this organism has 
not been described, and the name Pseudomonas suis sp. nov. 
is proposed for it. 
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ILLUSTRATIONS 


PLATE 1 


A chronic case in a guinea pig, injected with 0.5 cubic centimeter of 
broth culture on January 11, 1927. Photograph was taken 
January 24. Death occurred on January 29. Metastatic ab- 
scess, a; metastatic abscesses becoming open ulcers, b and c; ab- 
scess at point of injection becoming an open ulcer, d. 


PLATE 2 


Liver lesions in a guinea pig. Pinpoint necrotic focus, а; large focus, b. 


PLATE 8 


Lung lesions in a guinea pig. Necrotic foci, а and b; pronounced necrotic 
lesion, с. 
PLATE 4 


Spleen lesions in a guinea pig. Small focus, a; larger lesion, b. 


PLATE 5 


Fic. 1. Pigeon 6. Eye swelling, а; leg ulcer, b. 
2. Contrast in appearance between Guinea pig 2F and its sick con- 
trol. Guinea pig 2F was fed increasing weekly doses of live 
organisms before receiving a subcutaneous dose. 


PLATE 6 


Guinea pig 13 which was fed increasing weekly doses of live culture before 
receiving a subcutaneous dose. Ulcer at point of injection is 
shown. 

TEXT FIGURES 


Fıc. 1. The swine-pneumonia organism, showing flagella. (After Pit- 
field.) 

2. Growth curve of the organism. 

3. Temperature curve of two hogs which were fed livers, hearts, 
spleens, and lungs of two guinea pigs infected with the swine- 
pneumonia organism, 30-VIII-23. 

4. Temperature curve of a rabbit which received subcutaneously 0.2 
cubic centimeter of a 1:10 dilution of 16-hour broth culture 
containing approximately 85,000,000 organisms, 4-XII-26. 

5. Temperature curve of two guinea pigs inoculated by smearing 
their nostrils with а swab dipped in a broth suspension of a 
24-hour agar culture, 25-VIII-26. 

6. Temperature curve of two guinea pigs which received subcuta- 
neously 0.5 cubic centimeter of broth culture containing 
540,000,000 organisms per cubic centimeter. Guinea pig 13 had 
previously been given oral doses of live bacteria in an attempt 


to immunize it. ; 
213 
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Woops : Psukoomonas surs.) Pau, Journ. Scr, 41, No, 2. 


PLATE 2. 


Wooos: Рескромомля SUIS, | ГРниде, Jourx. Scr, 41, No. 3. 


PLATE 3. 
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РІАТЕ 6. 


TRANSMISSION OF DENGUE FEVER BY AÉDES ALBO- 
PICTUS SKUSE! 


By JAMES STEVENS SIMMONS 
Major, Medical Corps, United States Army 
Jos H, ST. JOHN 
Major, Medical Corps, United States Army 
and 
Francois Н. К. REYNoLps® 
Captain, Veterinary Corps, United States Army 


ONE PLATE AND ONE TEXT FIGURE 


Though а number of different mosquitoes have been incri- 
minated as possible dengue vectors the only species generally 
accepted without question during the past few years is Aédes 
гедурії. This mosquito was used experimentally for the trans- 
mission of dengue in 1906 by Bancroft,(1) in 1916, 1918, and 
1919 by Cleland, Bradley, and MacDonald,(2) and in 1923 by 
Chandler and Rice;(3) and its remarkable effectiveness in this 
respect was conclusively demonstrated in 1926 by Siler, Hall, 
and Hitchens.(4) However, those who have worked with A. 
&gypti have not claimed that it was the only carrier of dengue. 
On the other hand certain observers have suggested the pos- 
sibility that other species, including Aédes (Stegomyia) albo- 
pictus Skuse (Stegomyia scutellaris Walker), might also trans- 
mit the disease. For example, in 1923 Cleland(5) in an article 
on dengue observed that, "Some epidemiological evidence sug- 
gests that Stegomyia scutellaris Walker, may also be a vector ;” 
yet it appears that this possibility was not considered seriously, 
since in the same paper he stated that, "The disease is con- 
veyed by Aédes (Stegomyia) fasciata and perhaps by this mos- 
quito alone." Aédes albopictus was also suspected by Koizumi, 
Yamaguchi, and Tonomura(6) during the 1915 dengue epidemic 
in Formosa, and was used by these investigators in transmission 
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experiments. Unfortunately, as was pointed out by the authors, 
their results were inconclusive because the human volunteers 
used had not been previously protected against accidental mos- 
quito bites, and therefore the part played by A. albopictus in 
the dissemination of dengue remained unproved. 

In view of the suggestive but inconclusive evidence just men- 
tioned, and observations which showed A. albopictus to be not 
uncommon in Manila during the recent dengue season, it was 
considered of importance to settle the question concerning its 
ability to transmit dengue to man. 


AEDES (STEGOMYIA) ALBOPICTUS SKUSE ° 


Aödes (Stegomyia) albopictus Skuse is the name now general- 
ly applied to Stegomyia scutellaris Walker, which has also been 
known by the following synonyms: Culex scutellaris Walker 
(1859) ; Culez variegatus Doleschall (1858) (non Schrank 1781) 
(non Blanchard 1852) ; Culex albopictus Skuse (1895) ; Stegom- 
yia scutellaris Theobald (1901) ; Stegomyia scutellaris samaren- 
sis Ludlow (1911); and Stegomyia albopicta Skuse. 

This mosquito was described in 1901 by Theobald(7) as fol- 
lows: 

8. STEGOMYIA SCUTELLARIS. Walker (1859). 


C. scutellaris. Walker. 
C. albopictus. Skuse. 
C. variegatus. Doleschall. 
* * * ж + * » 


Thorax black, with a median silvery stripe; abdomen with silvery white 
basal bands; legs black, tarsi basally white banded, last joint of the 
hind legs pure white. 

9, Head with a patch of dark scales on each side, separated by a 
broad band of silvery-white scales, which form a bright spot in front, and 
with a silvery-white border to the eyes, and another patch on each side of the 
head; eyes partly black and golden; antennae dark brown, faintly paler 
banded at the joints, with a tuft of silvery scales on the basal joints, form- 
ing two distinct spots; palpi black with a silvery white apical joint; pro- 
boscis black. 


*Banks(9) in 1906 advanced the supposition that S. scutellaris might 
be closely related to S. fasciata and that some intergradation might possibly 
occur. However, this has not been accepted by Theobald,(7) Barraud,(8) 
Edwards,(0) or members of this board who have observed that A. albopictus 
is an easily distinguished species. Moreover, carefully controlled experi- 
ments conducted in these laboratories show that A. albopictus and A. zgypti 
failed to interbreed, thus eliminating any question concerning the specific 
identity of these two mosquitoes. 


| 
| 
| 
| 
| 
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Thorax black, covered with black scales, and fine, rather dull brown, 
hairs; a distinct, clear, silvery line in the middle from the front to about 
two-thirds of the way across the mesonotum; scutellum edged with silvery 
scales; metanotum dark brown; pleurae black with numerous silvery-white 
Spots. Abdomen covered with black scales, the bases of the segments 
with а band of silvery scales which spread out laterally, most noticeable 
on the fourth and fifth segments, forming distinct lateral patches; ventral 
surface also with white scales. 2 

Legs black, the femora with silvery knee spots and pale beneath for 
part of their length; tibiae black; metatarsi with broad white basal bands; 
in the fore and mid feet the first tarsal joint is basally white, the others 
black; in the hind legs all the tarsi with broad, white, basal bands, except 
the last, which is pure white. Front claws untoothed. Wings with the 
veins covered with long brown scales and a double row of short darker 
ones; first sub-marginal cell short, slightly longer and narrower than 
the second posterior cell; posterior eross-vein some distance behind the mid 
eross-vein. Halteres with pale testaceous stem and dusky knob. 

Length.—4.5 to 5 mm. 

d. Thorax, abdomen, and legs like the 9. Antennae banded black and 
white, the basal joint black with а large patch of silvery-white scales on 
the inside; plumes deep brown; palpi long and thin, not plumed, black, 
with two broad white bands towards the base and a white spot underneath 
at the base of the last two joints; proboseis black; fore and mid ungues 
unequal, the larger with one large tooth, the smaller simple; hind ones 
small and simple, equal. 

Length.—4 to 4.5 mm. 

Habitat —Singapore (Rafflesian Museum) (4. 9. 1899); Hong Kong 
(Ford) (27. 9. 1899); Selangor (A. L. Butler) (28. 10. 1899); Upper 
Burma (Watson); North Borneo; Mauritius (Sir Charles Bruce) (22. 11. 
1899); Tamsui, Formosa (Mackay) (2. 8. 1899); Fiji (Black) (30. 12. 
1899); Japan (Wood); Celebes (Walker); Ceylon (Bartholomew) (12. 
12. 1899); Madras and Naini Tal, India (Giles and Cornwall); Siam 
(Skeate); Amboina (Doleschall); Sombalpur, C, P., India (D. O'C. Mur- 
phy) (99); Foo-Chow, China (Rennie) (9. 8. 1900) (84). 

Time of capture.—Singapore, July (July 27, 1899) ; Ceylon, November; 
Upper Burma (March). 

Observations.—This is a very common mosquito, with a wide distribu- 
tion in Asia. It is а common species in the Straits Settlements, being 
the second commonest mosquito in Selangor (А. L. Butler). Ford records 
its larvae as being abundant *in standing water near houses 500 feet 
above the sea." It is a great nuisance at Caleutta (Skuse). Skeate also 
evidently took it in abundance in, Siam, for numbers are in the collection 
sent me by Dr. Sharpe. 

* * * * * * * 


Synonymy.— Skuse's C. albopictus, described in the Indian Museum Notes, 
iii, 5, p. 20, is certainly this species, every character agreeing with 
Walker's type of C. scutellaris, which occurs commonly in India. Doles- 
ehall’s Culex variegatus is evidently the same as C. scutellaris; Doleschall 
described it from Amboina, where it is one of the most troublesome mos- 
quitoes throughout the year, common in houses. 
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In 1922 Barraud(8) published the following description of 
A. albopictus in which he called special attention to the dis- 
tinctive form of the male hypopygium: 

Stegomyia albopieta (Skuse). 


Culex albopietus, Skuse, Ind. Mus. Notes iii, No. 5, p. 20. (1895). 

Stegomyia scutellaris, Theobald (nec Walker), Mon. Cul. vol. i, p. 
298. (1901). 

Stegomyia samarensis, Ludlow, Psyche, vol. xviii, p. 127. (1911). 

* * * * * ж + 

The only other known Indian species of Stegomyia with which this may 
be confused is unilineata, but the absence of white spots on the mesonotum, 
and on the mid femora, of albopicta, form fairly easily seen distinctions. 

The male hypopygium is somewhat like that of S. argentea, (fasciata), 
but from the drawings it will be seen that there nre differences in the 
shape of the clasper, ventro-lateral plate of the anal segment, and in the 
ninth tergite. 

There are specimens in the Central Malaria Bureau collection from the 
following places:— 

North-West Frontier:—Kohat (Sinton). 

Punjab:—Simla and Delhi (Christophers). Kasauli (Christophers and 
Sinton). Amritsar (Barraud). 

Bombay:—Islands in the harbour, and Trombay (Barraud). 

Bombay Deccan:—Belgaum and Nagargali (Barraud). 

Malabar Coast and Nilgiri Hills (Khazan Chaud). 

Madras Carnatic:—Madras (Patton). Salem (Christophers). 

Bihar:—Cuttack (S. Sundar Rao). 

Burma:—Rangoon (Christophers). 

The following additional localities are taken from Theobald (Mon. 
Cul.) :—Calcutta (Annandale); Upper Burma (Watson); Madras and 
Naini Tal (Giles and Cornwall) ; Sombalpur, Cen. Prov. (D. O'C. Murphy); 
Kanara district (E. H. Aitken) ; Sylhet, Assam (Major Hall) ; Lushai Hills, 
Assam (E. C. Macleod); Manipur (C. A. Gourlay); Katihar and Purneah 
distriet; N. Bengal (C. A. Paiva); Ceylon (Green). 


PRESENT INVESTIGATION 


This investigation was begun by collecting larvz of different 
species of Aédes in order to learn which ones were numerically 
important in Manila. Since the results obtained indicated that 
next to А. ægypti the commonest mosquito of this genus was A. 
albopictus, the latter was bred in the laboratory and used ex- 
perimentally for the transmission of dengue. 


PREVALENCE OF A. ALBOPICTUS IN THE PHILIPPINE ISLANDS 


A review of the literature shows that A. albopictus Skuse has 
been reported as present in the Philippine Tslands by a number 
of observers. Ludlow(11) in 1903 described it under the name 
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Stegomyia scutellaris samarensis; and again in 1908 she(12) re- 
marked that in places where Stegomyia calopis was infrequent 
its place was largely taken by Stegomyia scutellaris. Banks(9) 
in 1906 reported that he had failed to collect S. scutellaris 
Walker, but that S. scutellaris samarensis Ludlow, “seemed a 
widespread mosquito in the Philippines" He named the fol- 
lowing locations in which S. scutellaris had been found: Panga- 
sinan, Camp Gregg, Bayambang (Col. W. P. Chamberlain, M. 
C., U. S. Army), Samar, Leyte, Mindoro, Iloilo, Occidental Ne- 
gros, Bago (Banks), Manila, Fort William McKinley (Col. 
Charles F. Craig, M. C., U. S. Army), and various collectors. 
Since the terms S. scutellaris Walker and S. scutellaris зата- 
rensis Ludlow are now accepted as synonyms for A. albopictus 
Skuse, it is apparent that this common oriental mosquito is 
widely distributed in the Philippine Archipelago. 

The attention of the board was first directed to A. albopictus 
in February, 1929, when specimens were observed in a small 
lot of mosquitoes which had been caught on Corregidor Island, 
Philippine Islands. More recent collections of Aédes larvæ have 
been made between April 12 and September 1, 1929, in the city 
of Manila. The results as indicated in Table 1 show that larve 
of this mosquito were often found in the same breeding places 
with A. zgypti, and that the relative proportion of A. albopictus 
increased during June and July at which time dengue fever was 
very prevalent. 


TABLE 1.—Relative prevalence of А. albopictus Skuse and A. ægypti in 
Manila, as indicated by collection of larva, 


Monthly ac 
missions o! 
Number Кс Predominant |dengue-fever 
Month. of samples| A. albo- species. рон 
Pichis, General Hos! 
pitai Manila, 
Per cent. 
100 | A. xgypli ..---- 
100 |... do......... 
75 | A. albopictus „-. 
100 | Neither ........ 
48 | A. agypti ------ 


DENGUE TRANSMISSION BY A. ALBOPICTUS 


The dengue virus.—The "K" strain of dengue virus used in 
testing the ability of A. albopictus to transmit the infection was 
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obtained December 15, 1928, by feeding normal female А. 
ægypti on an American soldier (Keller) who had developed den- 
gue fever a short time previously. Since that date the “К” 


CHART 1.—Transfer of “K” strain of dengue virus from December 15, 1928, 
to July 16, 1929, by Aédes xgypti. 


Keller, dengue fever 
Second day, December 15, 1928. 


{ 
Lot 1, Aédes xgypti 
17 fed December 31, 1928, 


American volunteer 1 (H), dengue fever 
First day, January 10, 1929. 


Lot 3, Aédes zgypti i 
56 fed February 19, 1929. 


i 


American volunteer 3 (A), dengue fever 
First day, February 25, 1929. 
pieds diris bcllo Ань Fes oed 


Lot 9, Aédes ægypti 
49 fed April 11, 1929. Р 


American volunteer 6 (В), dengue fever 
First day, April 16, 1929 


Lot 12, Aédes xgypti 
15 fed May 8, 1929. 


American volunteer 9 (D), dengue fever 
First day, May 14, 1929. 
nibhr pia obrui fleri а 


Lot 19, Aédes xgypti 
12 fed June 20, 1929. 
анна Році МЕ 
ү 
American volunteer 14 (A), dengue fever 
First day, June 26, 1929. 
саа Аа dde erue 


Lot 25, Aëdes ægypti 
14 fed July 11, 1929, 
жее мыны er Mersch 


Ameriean volunteer 22 (М), dengue fever 
First day, July 16, 1929. 
Ба A dk A АБА 


1 


See Chart 1a. 
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Strain of virus has been employed extensively in various other 
experiments; and as indicated in Chart 1, the particular branch 
of this strain used since July 16, 1929, for the A. albopictus 
transmission experiments had previously been passed alternately 
through six different lots of A. &gypti and six human volun- 
teers, 

Aédes albopictus.—The mosquitoes selected had emerged from 
larve collected about Manila, and from larvz descended from 
a carefully selected stock bred in the laboratory. The specific 
identity of each mosquito used either for breeding purposes 
or in the transmission experiments was determined by a number 
of individual examinations made by members of the board at 
the following times: Immediately after emergence from the pu- 
pal stage; before being placed in the breeding cages; before and 
after taking an infective blood feeding from a dengue case; and 
before and after feeding on volunteers. Specimens from one of 
the experimental lots were also submitted to the Chief of the 
Bureau of Entomology, Washington, D. C., whose report con- 
firmed the identification of the mosquito as A. albopictus Skuse. 
Two lots of mosquitoes designated as 29 and 43 were used in 
the transmission experiments. 

Aédes albopictus lot 29.—One hundred female mosquitoes re- 
cently emerged from larva, some of which had been collected 
outside and others of which had been bred in the laboratory, 
were placed in a cage of the type devised by Siler, Hall, and 
Hitchens(4) for feeding mosquitoes on human beings. July 16, 
1929, these mosquitoes were given an opportunity to feed on a 
volunteer patient (American volunteer 22-M) who had developed 
typical symptoms of dengue fever twelve hours earlier. Eighty 
mosquitoes immediately settled on the exposed skin and within 
a very short time they were all engorged with blood. 

These potentially infected A. albopictus were designated as lot 
29, and kept for a minimum period of thirteen days before tests 
were made to determine their ability to transmit dengue to man. 
Small groups consisting of 1, 3, 8, 10, and 12 mosquitoes, respect- 
ively, were fed on each of five human volunteers (see Chart 
10). Since these men had previously been used for other ex- 
perimental dengue inoculations which had resulted negatively, 
the positive results obtained served not only to prove that the 
volunteers were susceptible to dengue, but also indicated the 
infectivity of the mosquitoes. Each volunteer had been isolated 
in a screened cubicle inside the screened ward used by the board 
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for dengue investigations at the Sternberg General Hospital, 
Manila (Plate 1), for eight to ten days previous to the experi- 
ments and for additional periods of two or more weeks before 
being used in these final tests. In every instance an interval of 
eight or more days was allowed between the last negative ex- 
periment and the feeding of A. albopictus to rule out the pos- 
sibility of infection resulting from the former procedure within 
the usual incubation period. 
CHART la.—Tronefer оў “К” strain dengue virus by Aëdes albopietus. 
American volunteer 22 (M), 


dengue fever first day (see Chart 1) 
July 16, 1929, 


Lot 29, Aëdes albopictus. 


C — —— P 

і \ i і 
Eight fed July 29, 1929 One fed August 6, 1929, Ten fed August T, 1929. 
0890 тег тапу £3, 1929 Опе fed August 6, 1929. Теп fed August T, 1922. 


American volunteer 26 (Т), | American volunteer 27 (P),* | American volunteer 24 (H),* 
dengue-fever onset dengue fever first day dengue-fever onset 
August 4, 1929, August 11, 1929. August 12, 1929, 
Twelve fed July 29, 1929. Three fed August 6, 1929. 
-weve fed July 23, 1929 saree fed August 6, 1929. 


American volunteer 23 (B) ,* American volunteer 25 (D),* 


dengue-fever onset dengue-fever onset 
August 6, 1929. August 12, 1929. 
—— 

Lot 41, Aédes ægypti, 


sixteen fed August 26, 1929. 
ee RUSE 20, 1929, 


American volunteer 30 (L), 
dengue-fever onset 
August 31, 1929. | 


Lot 43, Агаев albopictus. 
ees, аборта. 


—— 
Twenty-two fed “August 26, 1929, Two fed xe 81, 1929, 
| 

American volunteer 32 (W),# American volunteer $4 (S), 
dengue-fever onset dengue-fever onset | 

August 31, 1929. September 5, 1929. 


* Volunteers 23, 24, 25, 26, 27, and 32 previously had been used experimentally in 
negative attemps to produce dengue fever, and A. albopictus was employed to test their 
immunity to dengue. 


Аз shown in the protocols the five volunteers (Nos. 23, 24, 25, 
26, and 27) developed typical dengue fever within five to seven 
days after they were bitten by infected A. albopictus of lot 29. 
These observations were further confirmed by transferring the 


44,2 | Simmons, St. John, and Reynolds: Dengue Fever 223 


infection through new lots of mosquitoes to still other human 
volunteers. In the case of volunteer 23, this was done by feeding 
normal A. ægypti during the first day of dengue fever and pass- 
ing the infection on from these mosquitoes to а second volun- 
teer (American volunteer 80-L). From another case (Ameri- 
can volunteer 27-P), which developed after the bite of one mos- 
quito of lot 29, the virus was transferred to a new lot of A. 
albopictus. (lot 43) which later transmitted the infection to two 
other human volunteers (American volunteers 32-W and 34-S). 

Aédes albopictus lot 43.—A group of fifty-four female mosqui- 
toes, descendants of the original stock which had bred in the 
laboratory for several generations, were infected August 11, 
1929, by feeding on the blood of American volunteer 27-P, who 
twelve hours previously had developed typical symptoms of den- 
gue. Since this case of dengue had resulted from the bite of 
а single mosquito of lot 29, the new potentially infected group 
of lot 43 mosquitoes represented a second transfer of the virus 
by A. albopietus. 

After periods of fifteen and twenty days, respectively, small 
groups of the lot 43 mosquitoes were tested on two volunteers. 
In the first instances twenty-two mosquitoes were employed to 
prove the susceptibility of а man (American volunteer 32-W) 
who had been used previously for another experiment. The 
other volunteer (American volunteer 34-5) was admitted to the 
ward for the sole purpose of determining the ability of A. albo- 
pictus to transmit dengue, and was isolated in a screened cubicle 
for ten days, after which he was bitten by two mosquitoes of 
this lot. Five days later he developed dengue fever (see pro- 
tocol 7). 

The seven successful transmission experiments reported here 
indicate that A. albopictus is highly susceptible to infection with 
dengue virus, and prove conclusively that it is an effective den- 
gue vector. 

PROTOCOLS 
EXPERIMENT 1 


American volunteer No. 23 (Beaudrot), N. J., Pvt. Co. K, 31st Inf., age 
22 years, white, service 2 months. Born and lived in Charleston, S. C. 
Arrived in Philippine Islands June 15, 1920. No history of dengue. Ad- 
mitted to experimental ward June 22, 1929 (No. 101086). Physical exam- 
ination and routine laboratory tests showed him to be normal. Preliminary 
observation period nine days, from June 22 to July 1, 1929. No evidence 
of dengue. Negative experiments. Inoculated subcutaneously with Mand- 
ler filtrates of saline suspension of infected А. zgypti on July 1, 1, and 
20, all of which failed to produce dengue. Test for susceptibility to 
dengue. Twelve female A. albopictus (lot 29), which had been infected 
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18 days previously from an experimental dengue case (Am. vol. 22-M) 
took blood feedings on July 29, 1929. Dengue fever. Onset 7 days later, 
the morning of Aug. 5, 1929. Symptoms typical including rash at onset, 
with fever, leucopenia, weakness, pains in eyes, knees, and elbows, and 
an itching terminal rash on Aug. 10, after which temperature remained 
normal. During the first day, Aug. 6, 1929, A. zgypti were fed on this 
case and used later to produce dengue fever in another volunteer (Am. 
vol 30-L). Conclusions. The feeding of 12 infected A. albopictus (lot 
29) was followed after 7 days by typical dengue fever. 


EXPERIMENT 2 


American volunteer No. 24 (Heist), Pvt. Co. I, 31st Inf., age 25 years, 
service 3 months. Born in Pottstown, Pa. Arrived in Philippine Islands 
June 15, 1929. No history of dengue. Admitted to experimental ward 
June 27, 1929 (No. 101129). Physical examination negative; history of 
probable luetie infection one year ago; Wassermann reaction positive. 
Otherwise normal. Preliminary observation period, 13 days, from June 
27, to July 11, 1929. No evidence of dengue. Negative experiments. In- 
oculated subcutaneously (1) July 11, 1929 with Mandler filtrate of saline 
suspension infected A. ægypti; (2) on July 21, with suspension of filtered 
four day old dried dengue blood; and (3) on July 29, bitten by Culex 
mosquitoes which had previously taken blood from а case of dengue. 
Since all of these procedures failed to produce dengue fever, the volun- 
teer's susceptibility was tested by feeding infected A. albopictus, on August 
7. Test for susceptibility to dengue. Ten female A. albopictus (lot 29) 
which had been infected 22 days previously from an experimental dengue 
case (Am. vol. 22-M) took blood feedings on Aug. 7. Dengue fever. Onset 
5 days later, Monday, August 12. Attack began abruptly with chills, fol- 
lowed by fever, headache, generalized pains, and flushed face. The typical 
symptoms including pain of back and eyes, and leucopenia persisted until 
Aug. 15. Discharged Aug. 20, 1929. Conclusions. The feeding of 10 
иеа А. albopictus (lot 29) was followed after 5 days by typical dengue 
ever. 

EXPERIMENT 3 


American volunteer No. 26 (Tolson), Pvt. Co. A, 31st Inf., age 23 years, 
white. Arrived in Philippine Islands June 15, 1929. No history of dengue. 
Admitted to experimental ward June 29, 1929 (No. 101158). Physical 
examination and routine laboratory tests showed him to be normal. Pre 
liminary observation period, 12 days, from June 29, to July 11, 1929, 
Normal. No evidence of dengue. Negative experiments. On July 11, 
1929, 2 infected A. ægypti were killed and rubbed on the unbroken skin; 
and on July 21, 0.5 cc. of a saline suspension of unfiltered four days old 
dried dengue blood was injected subeutaneously. Both of these procedures 
failed to produce dengue. Test for susceptibility to dengue. Eight female 
А. albopictus (lot 29) which had been infected 13 days previously from an 
experimental dengue case (Am. vol. 22-M) took blood feedings on July 29 
1929. Dengue fever. Onset 6 days later, in the afternoon of Aug. 4 1929, 
with fever, leucopenia, and a generalized rash. Had typical symptoms of 
rather marked severity which lasted 4 days. Conclusions. The feeding of 
: infected А. albopictus (lot 29) was followed in 6 days by typical dengue 

ever. 
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EXPERIMENT 4 


American volunteer No. 25 (Dandrea), Pvt. Co. C, 31st Inf., white, age 
18 years, service 2 months. Born in Vermont. Arrived in Philippine 
Islands June 15, 1929. No history of dengue. Admitted to experimental 
ward June 29, 1929 (No. 101157). Physieal examination and routine 
laboratory tests showed him to be normal. Preliminary observation period, 
12 days, from June 29, to July 11, 1929. No evidence of dengue. Negative 
experiments. On July 11, injected subeutaneously with Mandler filtrate 
of infected А. ægypti; on July 21, injected subeutaneously with Mandler 
filtrate of infected A. zgypti; and on July 29, 4 Culex mosquitoes pre- . 
viously fed on а dengue case took blood. Test for susceptibility to dengue. 
Three female А. albopictus (lot 29) which had been infected 21 days 
previously on an experimental dengue case (Am. vol. 22-M) took blood 
feeding on Aug. 6, 1929. Dengue fever. Onset 7 days later, on the 
morning of Aug. 12, 1929, with typical symptoms of a mild case without 
any initial rash. The infection lasted Б days, ending with a terminal 
rash which appeared Aug. 17, 1929. Conclusions. The feeding of 3 in- 
fected A. albopictus (lot 29) was followed in 7 days by typical dengue 
fever. 

EXPERIMENT 5 


American volunteer No. 27 (Pringle), Pvt. Co. 28, Bomb sqdn., Nichols 
Field, P. L, white, age 19 years, service 3 months. Born and lived in 
New Jersey. No history of dengue. Admitted to experimental ward July 
2, 1929 (No. 1011812). Physical examination and routine laboratory tests 
showed him to be normal Preliminary observation period, 9 days, from 
July 2, to July 11, 1929. No evidence of dengue. Negative experiments. 
On July 11, two infected A. zgypti were killed and rubbed on scratched 
skin of forearm; on July 21, injected subcutaneously with Mandler filtrate 
of lot 29 A. albopictus; and on July 29, injected with Mandler filtrate of 
infected A. ægypti. All of these procedures failed to produce dengue. 
Tests for susceptibility. On Aug. 6, one A. albopictus (lot 29) which had 
been infected 21 days previously on an experimental dengue case (Am. 
vol. 22-M) took a full feeding of blood. Dengue fever. Onset 5 days 
later, on the afternoon of Aug. 11, 1929, with fever, leucopenia, anorexia, 
vomiting, dizziness, headache, and pains in eyes and muscles. On the sec- 
ond day a typical rash appeared, and general glandular enlargement was 
noted later in the disease. The infection lasted for 5 days. On the first 
day of dengue fever (Aug. 11) normal A. albopictus designated as lot 43 
were given a feeding of blood. Two cases of dengue (experiments 6 and 
7) were later produced by these lot 43 mosquitoes. Conclusions. The feed- 
ing of one infected A. albopictus (lot 29) was followed in 5 days by typical 
dengue fever. 

EXPERIMENT 6 


American volunteer No. 32 (Whittier), Pvt. 66th Service Squadron, Ni- 
chols Field, P. L, white, age 21 years. Born in Oakland, Cal. . No history 
of dengue. Arrived in Philippine Islands April, 1929. Admitted to ex- 
perimental ward Aug. 9, 1929. Physical examination and routine labor- 
atory tests showed him to be normal. Preliminary observation period, 8 
days, from Aug. 9, to Aug. 17, 1929. No evidence of dengue. Negative 
experiments. Aug. 17, injected subcutaneously with 52-day-old desiccated 
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dengue blood. Dengue did not develop. Tests for susceptibility. "Twenty- 
two A. albopictus (lot 43) which had fed 15 days previously on experi- 
mental dengue case (Am. vol. 27-P) took full feeding of blood Aug. 26, 
1929. Dengue fever. Onset 5 days later, on Aug. 31, 1929, with head- 
ache, nausea, fever, and leucopenia. The duration of the disease was Б 
days, with generalized pains, nausea and vomiting, and dizziness. There 
was no rash. Conclusions, The feeding of 22 infected A. albopictus (lot 
43) was followed after 5 days by typical dengue fever. 


EXPERIMENT 7 


American volunteer No. 34 (Schofield) Pvt. Detachment, M. D., Nichols 
Field, P. L, white, age 23 years, born in Montana, and has lived in Oregon 
and Idaho. No history of dengue. Arrived in Philippine Islands April, 
1929. Admitted to experimental ward Aug. 21, 1929. Physical examine- 
tion and routine laboratory tests showed him to be normal Preliminary 
observation period, 10 days, from Aug. 21, to Aug. 31, 1929. Transmission 
experiment with A. albopictus. Two A. albopictus (lot 43) previously 
infected from experimental dengue case (Am. vol. 28-P) were fed on this 
volunteer August 31, 1929. Dengue fever. Onset 5 days later, on Sept. 5, 
with headache, pain in eyes and muscles, weakness, dizziness, generalized 
rash, fever and leucopenia. Duration of the disease was 53 days. Conclu- 
sions. The feeding of 2 infected A. albopictus (lot 43) was followed in 5 
days by typical dengue fever, proving that this mosquito is an effective 
vector. | 


DISCUSSION 


The results of the present investigation which prove that A. 
albopictus, а common oriental mosquito, is an effective dengue 
carrier make it necessary to reconsider the available evidence 
concerning the epidemiological importance of this species. 
From the observations made by the board and by others who 
have studied the mosquito, it is apparent that A. albopictus 
somewhat resembles A. xgypti in its choice of breeding places 
and in its habit of feeding on human beings mainly during the 
day, although the former mosquito may require a few more 
days for development to the adult stage, and appears to be even 
more vicious and daring in biting man. The geographical dis- 
tribution of A. albopictus given by Theobald,(7) Barraud,(8) 
and others indicate that this species is prevalent in many local- 
ities, including India, Formosa, the Philippine Islands, and other 
parts of the Orient where dengue fever is endemic. Cleland(5) 
and others mention the fact that A. albopictus has been sus- 
pected as a dengue vector on epidemiological grounds alone; 
while this mosquito was under grave suspicion during the 1915 
dengue epidemic in Formosa.(6) Furthermore, observations 
made in Manila during the present year indicate that this mos- 
quito was especially prevalent during June and July at the time 
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of the highest incidence of dengue fever. From the evidence 
presented in this report it is obvious that A. albopictus must be 
considered seriously as a factor in the dissemination of dengue 
fever. 

SUMMARY AND CONCLUSIONS 

1. Recent collections of larvz indicate that Aédes albopictus, 
like A. ægypti, is a common mosquito in Manila. 

2. Female A. albopictus bred in the laboratory were shown 
experimentally to be effective transmitters of dengue from man 
to man. Seven human volunteers, bitten by 1, 2, 3, 8, 10, 12 
and 22 A. albopictus, respectively, which had been infected be- 
tween thirteen and twenty-two days previously, all developed 
dengue fever. 

3. Aédes albopictus must be considered as an agent in the 
dissemination of dengue. 

4. In view of the fact that two distinct species of Aédes are 
now known to be dengue vectors it is reasonable to suppose that 
still others may be concerned in the spread of this disease. 
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| ILLUSTRATIONS 


PLATE 1. Screened cubicles for isolation of human volunteers used for 
dengue-transmission experiments, in screened ward, Sternberg 
General Hospital, United States Army, Manila, Philippine Is- 
lands. (Photographed by United States Army Signal Corps.) 


TEXT FIGURE 


Fıc. 1. Dengue fever transmitted by Aédes albopictus. Daily temperature 
and leucocyte record of volunteer Schofield, before, during, and 
following dengue fever produced by the two А, albopictus of lot 
43. 
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PLATE 1. SCREENED CUBICLES FOR ISOLATION OF HUMAN VOLUNTEERS. 
(Photographed by United States Army Signal Corps.) 


